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(54) Binder resin containing novel polyhydroxyalkanoate, toner containing the binder resin, and 
image-forming method and image-forming apparatus which make use of the toner 



(57) A binder resin which forms a resin powdery 
product such as a toner for developing electrostatic la- 
tent images. The binder resin comprises a biodegrada- 
ble resin comprising a polyhydroxyalkanoate produced 
by culturing a microorganism and having as a specific 
monomer unit a 3-hydroxyalkanolc acid such as 3-hy- 
droxy-5-phenylvaleric acid. This binder resin has very 
good properties as a binder resin and also has a high 
safety to human bodies and environment. Also dis- 
closed are a toner for developing electrostatic latent im- 
ages which contains such a binder resin, and an image- 
fomnlng method and an image-forming apparatus which 
make use of the toner. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to a binder resin usable in toners for developing electrostatic latent images, a toner for 
developing electrostatic latent images, an image-fomiing method making use of the toner and an image-fomiing ap- 
paratus.making use of the toner. More particularly, it relates to a binder resin, a toner for developing electrostatic latent 
images, an image-fomiing method and an image-fomrjing apparatus which are used in electrophotography, electrostatic 
recording and electrostatic printing performed in copying machines, printers, facsimile machines and so forth ,'in~which 
a toner image is previously formed on an electrostatic-latent-image-bearing member (hereinaftersimply "image-bearing 
member") and is thereafter transfen-ed onto a transfer medium to form an image. Still more particularly, it relates to a 
binder resin which has a biodegradability and at the same time contributes to superior fixing performance (low-tem- 
perature fixing performance, fixing temperature characteristics and anti-offset properties) and blocking resistance, and 
which has hydrolyzability and biodegradability and can readily be deinked, where existing deinking systems can be 
utilized as they are, also enabling waste disposal with ease; a toner for developing electrostatic latent images which 
contains such a binder resin; and an image-fomning method and an image-forming apparatus which make use of the 
toner. 

Related Background Art 



[0002] A number of methods are conventionally known as methods for electrophotography. In general, copies are 
obtained by forming an electrostatic latent image on an image-bearing member (photosensitive member) by utilizing 
a photoconductive material and by various means, subsequently developing the latent image by the use of a toner to 
form a visible Image (toner image), transferring the toner image to a transfer medium such as a paper as occasion 
calls, and then fixing the toner image to the transfer medium by heating and/or pressing. As methods by which the 
electrostatic latent image is fomned into a visible image, cascade development, magnetic brush development, pressure 
development and so forth are known in the art. Another method is also known in which, using a magnetic toner and a 
rotary developing sleeve provided with magnetic poles at the core, the magneto toner is caused to fly from the devel- 
oping sleeve surface to the photosensitive member surface by the aid of an electric field. 

[0003] As development methods used when electrostatic latent images are developed, available are a two-compo- 
nent development method making use of a two-component type developer comprised of a toner and a carrier and a 
one-component development method making use of no carrier and comprised only of a toner 
35 [0004] Now, fine colored particles commonly called a toner are constituted of a binder resin and a colorant as essential 
components and besides optionally a magnetic material and so forth. Here, the binder resin occupies the greater part 
of the toner, and hence the physical properties of such a binder resin influence toner's physical properties greatly For ' 
example, the binder resin is required to have delicate hardness and thermal melt properties, and a toner obtained by 
pulverizing a binder resin having a colorant and so forth dispersed therein followed by classification must show good ' 
40 fluidity without producing any fine powder against a mechanical impact caused by agitation in a developing assembly 
and also without causing agglomeration of the toner itself. Also, at the time of fixing, the toner must immediately melt 
at a low temperature and, when melts, the molten toner must show agglomeration properties. Namely, the controlling 
of binder resin's physical properties enables control of toner's physical properties. 

[0005] As the binder resin, conventionally used are a styrene-acrylate copolymer, polyester resin, epoxy resin, olefinic 
resin and so forth. In particular, polyester resin is widely used at present as a resin for toners for heat-roll fixing, because, 
e.g., It has advantages such that, when melt, it makes toner additives such as carbon black disperse well and is well 
wettable to ti-ansfer paper. 

[0006] In recent years, from the viewpoint of environmental conservation, it is also of wortdwide consciousness how 
resources be recycled, how waste be curtailed, how the safety of waste be improved, and so forth. Such a subject Is 
not exceptional also In the field of electrophotography More specifically, with wide spread of copying machines and 
printei^, the disposal of fixed toner on paper, waste toner after use, printed paper, copying paper and so forth is in- 
creasing year by year. Here, conventional toners are sparingly degradable because they are constituted of components 
all of which are stable artificial compounds, and may remain in all environment, e.g., in soil and in water over a long 
period of time. Also, In order to recycle resources, it is an important subject to regenerate plain paper for its reuse. 
However, conventional binder resins composed chiefly of styrene resins, It is difficult to remove them from paper surface 
(deinking) by alkali hydrolysis. This has come to be one of subjects in the recycling of plain paper. The safety of waste 
is also an important subject from the standpoints of the conservation of global environment and the Influence on human 
bodies. . : . - - 
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[0007] Under such circumstances, development is being made on resins which are harmless to human bodies and 
degradabie by the action of microorganisms, i.e., biodegradable resins. For example, it has been reported that many 
microorganisms are capable of producing a biodegradable resin polyhydroxyalkanoate (hereinafter "PHA" when ab- 
breviated) and accumulating it in the cell ("Handbook of Biodegradable Plastics". Biodegradable-Plastic Institute. K.K. 

5 N TS., pp. 178- 197. 1995). It is known that such a PHA can have various composition and structure depending on the 
type of microorganisms used for its production, the composition of culture medium, the conditions for culturing and so 
foah. Researches on how to control the composition and structure of the PHA to be produced have hitherto chiefly 
been made from the viewpoint of the improvement in Its physical properties. With regard to the application of such 
biodegradable resins, too. they have already given reasonable actual results especially in the field of materials for 

10 medical use. In the field of agriculture, too, the biodegradable resins have been put into practical use in multifiles, 
gardening material, sustained-release agricultural chemicals, fertilizers and so forth. In the field of leisure industry, too; 
the biodegradable resins are used in fishing lines, fishing articles, golf goods and so forth. Besides, as packaging 
materials for daily necessities, they have been put Into practical use in containers or the like of living articles. However, 
considering their wide application as plastics, under the existing conditions they can not still be said to be satisfactory 

15 in respect of physical properties. For example, in orderto make the PHA utilizable in much wider ranges, it is important 
to study the improvement of physical properties more widely. For that end, it is essential to make development and 
research on PHAs containing monomer units of various structures. 

[0008] In the field of electrophotography, too, methods in which biodegradable resins are used in binder resins are 
proposed ds methods by which loners which are disposable without causing environmental pollution. For example, 

20 Japanese Priteiit Application Laid-Open No. 6-289644 discloses an electrophotographic toner particularly used for 
heat-roll fixing which is characterized in that at least a binder resin contains a vegetable wax and a biodegradable 
resin (as exemplified by polyesters produced by microorganisms and natural polymeric materials derived from vege- 
tables or animals), and the vegetable wax Is added to the binder resin in an amount of from 5 to 50% by weight. 
Japanese Patent Application Laid-Open No. 8-262796 also discloses an electrophotographic toner containing a binder 

25 resin and a colorant, and is characterized in that the binder resin comprises a biodegradable resin (as exemplified by 
aliphatic polyester resins) and the colorant comprises a water-insoluble coloring matter. Also, U.S. Patent No. 5,004,664 
discloses a loner having as its composition polyhydroxybutyric acid, polyhydroxyvaleric acid, or a copolymer or blend 
of these. In these techniques, when buried for disposal, the binder resins can certainly be degraded in soil because 
they are biodegradable However, there have been problems on fundamental function as binder resins, such that the 

30 toner has a low running performance and also is unstably chargeable because of its high moisture absorption. For 
example, the PHB is a hard and brittle material having properties of a melting point of 180**C, a crystallinity of 50 to 
70%, a Young's modulus of 3.5 GPa and a breaking extension of 5%, and is insufficient In practical use for its use as 
the binder resin of toner 

[0009] A toner composed chiefly of a polylactic acid type aliphatic polyester is also proposed as having a biodegrad- 
35 ability and also being efficiently degradabie in alkali hydrolysis and hence being useful for the recycling of paper. For 
example, Japanese Patent Application Laid-Open No. 7-120975 also discloses a method of making a lactic-acid 
homopolymer into a toner, giving as its typical example a polylactic acid obtained by ring-opening polymerization. 
[0010] In the ring-opening polymerization, a method is employed in which the lactic acid is first made into an oligomer 
by dehydration reaction, which oligomer is then subjected to depolymerization to lead it to a cyclic dimer lactide and 
^0 is further subjected to ring-opening polymerization. Since such complicate steps are followed, the resultant polylactic 
acid comes very highly expensive for Its use as a toner resin (a resin for toners). 

[0011] In addition, since the ring-opening polymerization is cationic ring-opening polymerization, it is necessary, e. 
g., to make unhydrous the solvent used and to remove any ionic species which may serve as a polymerization termi- 
nator, resulting in a poor production efficiency. Moreover, the monomer species that can be used when the polyester 

45 is produced is limited to a cyclic ester, and hence it is not easy to control physical properties required as toner resins. 
It is also difficult to effect copolymerization with various monomers In orderto control the balance between degradability 
and physical properties. In this regard, it is sought to provide a degradabie polyester that can control its physical 
properties inexpensively and with ease. Also, when the polylactic acid is made into a toner as it is, there are problems 
also on the storage stability and anti-offset properties of the toner. Thus, such a toner has not yet been put into practical 

50 use. 

[0012] Japanese Patent Application Laid-Open No. 9-274335 also discloses a toner for developing electrostatic latent 
images which is characterized by containing a polyester resin and a colorant; the former being obtained by dehydration 
polycondensation of a composition containing lactic acid and a tri- or more functional oxycarboxylic acid. However, the 
polyester resin is formed through dehydration polycondensation reaction of an alcohol group of the lactic acid with a 
55 carboxylic group in the oxycarboxylic acid. Hence, it is considered that the resultant resin tends to have a large molecular 
weight, and therefore has a low btodegradability. Also, like the one disclosed in Japanese Patent Application Laid- 
Open No. 7-120975, there are problems on the storage stability and anti-offset properties of the toner 
[0013] Polycaprolactone, which is a homopolymer of a typical hydroxycart^oxylic acid, also has a low melting point 
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and a low glass transition point and has good compatibility with various resins. It - however, has a melting point of as 
low as 60=C. and is not suitable as a binder resin when used alone. Also, the polylactic acid has a high glass transition 
point (60°C), and one having crystallizability is a thermoplastic high polymer having a high melting point (about 1 80°C) 
which, however, has not yet been put into practical use as a binder resin as stated previously. Moreover, toner resins 
comprised of the conventional degradable polyester resin commonly have so poor a pulverizabillty that it is difficult for 
them to be used as binder resins which occupy 90% of toners of about 1 0 jim in particle diameter. Accordingly taking 
account of their practical use as binder resins of toners, it has strongly been desired to improve their physical properties. 

SUMMARY OF THE INVENTION 

[0014] The present invention is to settle the subjects or problems discussed above. Accordingly, an object of the 
present invention is to provide a binder resin which is biodegradable and can more highly contribute to the conservation 
of natural environment, and also which enables deinking with ease in a conventionally available deinking process 
making use of an alkali, to promote the reuse of copying paper having been used, and can satisfy various performances 
and properties required as toners, e.g., those concerning canier-spent, fog. charging stability, running performance 
storage stability, pulverizabillty, cost and so forth; a toner for developing electrostatic latent images which comprises 
such a binder resin; and an Image-fomiing method and an image-fonning apparatus which make use of the toner. 
[0015] The present inventors have made extensive studies in order to achieve the above object As the result they 
have discovered thai a binder resin comprising a polyhydroxyalkanoate having monomer unit composition represented 
by the following Formula (1) has very good properties as a binder resin and also has a high safety to human bodies 
and enviro nment. They have also discovered that remarkable effects can be brought about when a toner for developing 
electrostatic latent images which contains such a binder resin is used and this toner for developing electrostatic latent 
images is used in image-fomiing apparatus having a certain development system, Thus, they have accomplished the 
present invention. 

[0016] More specifically, the binder resin of the present invention is characterized by containing a polyhydroxyal- 
kanoate having monomer unit composition represented by the following Formula (1): 

AmB(1-m) 

wherein A is at feast one selected from monomer units represerited by the following Fomiula (2) B is at least one 
selected from monomer units represented by the following Fonnulas (3) and (4), and m is 0.01 or more and 1 or less: 




(2) 



CH3 

(CH,)k 



, CH 
CH 

(CHjn 0 CH 



(3) 



(4) 
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wherein n is 0 to 1 0, k is 3 or 5, and R is any group selected from groups represented by the following Formulas (5) to (8): 




(5) (6) (7) (8) 

wherein: 

in Formula (5), R1 Is selected from a hydrogen atom (H) and a fluorine atom (F), and q Is selected from Integers 
of 1 to 8; 

In Fomnula (6), R2 Is selected from a hydrogen atom (H) and a fluorine atom (F), and r is selected from integers 
of 1 to 8; 

in Formula (7), R3 is selected from a hydrogen atom (H) and a fluorine atom (F), and s is selected from Integers 

25 of 1 to 8; and 

In Formula (8), R4 is selected from a hydrogen atom (H) and a fluorine atom (F), and t is selected from integers 
of 1 to 8, 

[0017] The toner for developing electrostatic latent images according to the present invention is also characterized 
by containing the binder resin constituted as described above. 
30 [0018] The image-fomriing method according to the present invention is an image-forming method comprising: 

a charging step of applying a voltage to a charging member from its outside to charge an electrostatic-latent-imageT 
bearing member electrostatically; 

a latent-image-forming step of forming an electrostatic latent image on the electrostatic-latent-image-bearing mem- 
35 ber thus charged; 

a developing step of developing the electrostatic latent image by the use of a toner for developing electrostatic 
latent images, to fomri a toner image on the electrostatic-latent-image-bearing member; 

a transfer step of transferririg to a recording medium the toner image formed on the electrostatlc-latent-image- 
bearing member; and 

^0 a fixing step of fixing by heat the toner image held on the recording medium; 

wherein the toner for developing electrostatic latent images described above is used. 
[0019] In another embodiment of the image-forming method according to the present Invention, it is an image-forming 
method comprising: 

45 

a charging step of applying a voltage to a charging member from its outside to charge an electrostatic- latent-image- 
bearing member electrostatically; 

a latent-image-forming step of forming an electrostatic latent image on the electrostatic-latent-image-bearing mem- 
ber thus charged; 

50 a developing step of developing the electrostatic latent image by the use of a toner for developing electrostatic 

latent images, to fomr* a toner image on the electrostatic-latent-image-bearing member; 

a first transfer step of transferring to an intermediate transfer member the toner image formed on the electrostatlc- 
latent-image-bearing member; 

a second transfer step of transferring to a recording medium the toner image held on the intennediate transfer 
55 member; and . . 

a fixing step of fixing by heat the toner image held on the recording medium; 

wherein the toner for developing electrostatic latent images described above is used. 
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[0020] The im«ge-forming apparatus according to the present invention is an, image-forming apparatus comprising: 

mlrerrufcCS ^'^'^""'^"'^ '^^^"^ '"^^^^ °" eiectrostatic-latent-image-bearing 

developing means for developing the electrostatic latent image by the use of a toner for developing electrostatic 
latent .mages, to form a toner image on the electrostatic-latent-image-bearing member «'ectrostat.c 
beL^g mer^ber; f^^^"''^'^''^ '° « '^''"'^^ '-^^^"^ the toner image formed on the electrostatic-latent-image- 
a fixing means for fixing by Heat the toner image held on the recording medium; 

rnn-,. developing electrostatic latent images described above is used 

fl.ng ap;::ar XlsinT"* image-fom,ing apparatus acpording to the present invention, it is an image- 



IS 



25 



30 



40 



SO 



l^^ZT^ ""^^"^ ^'"^'^'"^ ^ """^^^ ^° ^ °"»side to charge an electrostatlc-latent- 

image-bearing member electrostatically; «=rei.ui«.ieiuc laieni 

mimTe;?,urcCrd' '"^^^ °" elec.rostatic-latent-image-bearing 

rat?nnm«ir.^T' f ^^"^.^'"9 electrostatic latent image by the use of a toner for developing electrostatic 
latent .mages, to form a toner .mage on the electrostatic-latent-image-bearing member- 

tin? ITT ""^^T transferring to an intemnediate transfer member the toner image formed on the electro- 
stat.c-latcnt-imagc-bear.ng member; . uic tsieciro 

m^mbe"*? IT^' ""^^"^ transferring to a recording medium the toner image held on the intem,ediate transfer 
a fixing means for fixing by heat the toner image held on the recording medium; 
wherein the toner for developing electrostatic latent images described above is used. 
BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] 

ExampfesVaHdT"' ^" ""«9e-fomiing apparatus used In Examples 45 to 72 and Comparative 

:?toT.nroC'^^^^^ 

invention'" ^^"^^^''"^ "'^^ °' ^'^^ °' « '"^^^ ^^^^^ "sed in Examples of the present 

Fig. 6 is an enlarged sectional view of the main part of a fixing assembly used in Examples of the present invention 
wh.ch shows how a f bdng film stands when the fixing assembly is not driven invention. 

tone^Ts m?asL™"° °' ^ '"'^'"'^ ""^""^ ""^^"^'"9 ^^'^ ''"^nt'ty of 

Fig. 8 is a chart showing a 1H-NMR spectmm of a PHA in Example 5. 
Fig. 9 is a chart showing a 1H-NMR spectrum of a PHA in Example 8 
Fig. 1 0 is a chart showing a 1 3C-NMR spectmm of a PHA in Example 8. 

DETAILED DESCRIPTION OF THE INVENTION 

55 [0023] Preferred embodiments of the present invention are described below. 

(0024] The binder resin according to the present invention contains at least the PHA having monomer unit comoo- 
s.t.on represented by Formula (1) expressed above. Also, two or more types of PHAs having diffe^rr^Zmr^nit 
composrt.on may be used in combination. Still also, this binder resin may be a binder resin con^rg aTZTL oJ ■ 
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additional biodegradable resins such as polycaprolactone and polylactic acid. 

[0025] As the polylactic acid, commercially available one, e.g., LACP/ (trade name; available from Shimadzu Cor- 
poration) may preferably be used, and besides those obtained by various polymerization processes may be used. 
[0026] In the case when the additional biodegradable resin is used, the additional biodegradable resin may preferably 
5 bo mixed in a proportion of 90% by weight or less based on the total weight of the binder resin, taking account of 
biodcgradability and of physical properties required as binder resins. 

[0027J The PHA may preferably have a number- average molecular weight of 300,000 or less because, in such mo- 
lecular weight, it can have a good compatibility with the polycaprolactone or polylactic acid and a molten polymer blend 
which is colorless and transparent is obtainable. If on the other hand it has a relatively large number-average molecular 
10 weight of 500.000 or more, it can not have so good compatibility, and the resultant molten polymer blend may also 
have noi a good hue. Even in such a case, however, the PHA can be improved in compatibility and the colorless and 
transparent, molten polymer blend can be obtained by mixing them under application of a high shear force to lower its 
molecular weight to 300,000 or less. 

[0028] The binder resin of the present invention may also preferably have a number-average molecular weight of 
'5 from 2.000 to 300,000. The binder resin of the present invention may further preferably have a glass transition point 
ol Irom 30 'C to 80°C and a softening point of from eO'C to 170°C in order for the function as a binder resin to be 
brought out. 

[0029] Here, the PHA used in the present invention has a fundamental skeleton as a biodegradable resin. Hence, 
like conventional plastic, it can be utilised in the manufacture of various products by melting, and, different from synthetic 
20 polymers derived from petroleum, has a striking property that it is readily broken down by microorganisms and taken 
into the circulation of substances in the natural world. Accordingly, it does not require any disposal by combustion, and 
is an effective material also from the viewpoint of the prevention of air pollution and global warming. Thus, it can be 
utilized as a plastic which enables environmental safeguard. 

[0030] The PHA is also capable of being readily hydrolyzed in the presence of alkaline water. Hence, it has an 

25 advantage that toners containing coloring matter such as carbon black can effectively be removed from copied paper. 
[0031] The PHA having monomer unit composition represented by Fomnula (1), which is preferable as the binder 
resin used in the toner for developing electrostatic latent images according to the present invention, is specifically 
described below. The PHA used in the present invention is a polyester resin having a 3-hydroxyalkanoate as a monomer 
unit and containing as a substituent at least one of any of substituents selected from phenyl, phenoxyl, cyclohexyl and 

30 benzoyl groups. Here, where such a compound is produce by utilizing a microorganism, the polyester resin is an 
isotactic polymer consisting of only R-configuration. As long as the object of the present invention is achievable on 
both aspects of physical properties and function, it need not especially be the isotactic polymer. An atactic polymer 
may also be used. Also, the PHA may also be obtained by a process of chemical synthesis in which a lactone compound 
is subjected to ring-opening polymerization using an organometallic catalyst (e.g., an organic catalyst containing alu- 

35 minum, zinc, tin or the like). 

[0032] What is important in the present invention is that, in respect of the side-chain structures represented by For- 
mulas (5) to (8), R1 to R4 may be selected as at least one atom selected from the group consisting of a hydrogen atom 
and a fluorine atom. Here, in respect of the side-chain structures represented by Formulas (5) to (8), these may be 
formed as aromatic rings the R1 to R4 of which have been substituted with fluorine atoms, whereby the resultant 

40 compounds can be made to have much less environmental dependence. In the case when any of R1 to R4 is substituted 
with a fluorine atom, such a monomer unit containing the fluorine atom may be contained in the polymer in an amount 
of at least 1 mol%. Its proportion may be selected taking account of the desired environmental dependence. 
[0033] As the position at which R1 to R4 are substituted, it may be ortho-, meta- or para-position, at any positions 
of which polyhydroxyalkanoates having the conresponding monomer units can be gained. Where there is no great 

^5 difference in function characteristics, physical properties and so forth between any isomers, compounds substituted 
at the meta- or para-position may preferably be used in view of the yield or the readiness of being incorporated into 
the polymer. 

[O034] Here, when the PHA of the present invention is produced by using a microorganism, it may contain the above 
various monomer units, or may be so designed that it may contain a suitable number of units, taking account of any 
50 necessary function characteristics, physical properties and so forth of the polymer. In general, the PHA may contain 
the monomer units as far as the above six kinds, where it is expected that the object of the present invention can 
sufficiently be achieved. Where any delicate control of function characteristics and physical properties is intended, the 
PHA may also be constituted of more kinds of monomer units. 

[0035] The PHA in the present invention may preferably have a glass transition point of from 30^0 to 80**C, particulariy 
55 preferably from 40**C to 80°C, and more preferably from 50*^0 to 70*'C. If it has a value lower than 30*»C, a poor blocking 
resistance tends to result. If it has a value higher than 80'»C, a poor fixing perfomnance tends to result. Also, the PHA 
in the present invention may preferably have a softening point of from GO^C to ^70°C, and particulariy preferably from 
80**C to 1 40**C. If it has a softening point lower than 60''C. a lowering of anti-offset properties may be seen. If it has a 
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softening point higher than 1 70"C, a higher fixing temperature tends to result 

^036] The PHA having these desired physical properties may be obtained by selecting conditions for culturing any 
mK^oorganism capable of synthesizing the PHA in the present Invention. For example, its number-average molecular 
rTTnl . ""'^"'"3 ''""^ ""'^ ^° '^'^^^ number-average molecular weight may also be 

h1 1 / 'T"'"? '°*-"^°'^'="'«^-*«'ght components by means of solvent extraction, reprecipitation or the like 
Here the glass transition point and softening point have correlation with the molecular weight of the PHA. Also the 

omer uniSti^Tthe PHA "'^^ • ^ """'^"^ compositional ratio of the r^on.' 

IT-^nnnJnt ^''^/'l? k '""^"''"^ "^^^ preferably have a weight-average molecular weight Mw of from 4.000 

"eTerb^^rrsToj;^^^^^^^^^^^ 

S„M?nn " T ^" K^^" ^''^ ''^^ "^^ "^"^ ^ 9'^^^ P°'nt, resulting in a poor 

tim^^f ; °" ^ it has an Mn of more than 1 50,000. the PHA may come highly viscous at the 

time of melting, resulting in a poor low temperature fixing perfomiance. 

- Exemplification of PHA and Production of PHA - 

[0039] Biosynthesis as a specific process for obtaining the PHA having monomer unit composition represented by 
Formula (1) can be effected where a microorganism capable of producing the polyhydroxyalkanoate containing the 
monomer units represented by Fomiulas (2) to (4). from their corresponding alkanoic acids is cultured in a culture 
medium containing the.corresponding alkanoic acids. Culturing methods and so forth are described later 
[0040] For example a microorganism capable of producing a polyhydroxyalkanoate containing a 3-hydroxy-5-phe- 
nylvaleric acid (3HPV) monomer unit represented by the following Fomiula (9) from 5-phenylvaleric acid (PVA) repre- 
sented by the following Fomiula (1 0) may be cultured to obtain a polyhydroxyalkanoate containing the 3HPV monomer 
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(9) 



(10) 



45 



[0041] A microorganism capable of producing a polyhydroxyalkanoate containing a 3-hydroxy-5-(4-fluorophenvn 
valenc acid (3HFPV) monomer unit represented by the following Fom,ula (11 ) from 5-(4-fluorophenyl)valeric acidS 
3HFPrmonomer unT ''"'^"'^ """""'^ '° ^ polyhydroxyalkanoate containing the 
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15 





(11) 



(12) 



[0042] A microorganism capable of producing a polyhydroxyalkanoate containing a 3-hydroxy-4-phenoxybutyric acid 
(3HPxB) monomer unit represented by the following Formula (13) from 4-phenoxybutyric acid (PxBA) represented by 
20 the following Formula (14) may also be cultured to obtain a polyhydroxyalkanoate containing the 3HPxB monomer unit. 



25 



30 



35 




(13) 




(14) 



40 



[0043] A microorganism capable of producing a polyhydroxyalkanoate containing a 3-hydroxy-5-phenoxyvaleric acid 
(SHPxV) monomer unit represented by the following Formula (15) from 5-phenoxyvaleric acid (PxVA) represented by 
the following Fomnula (16) may also be cultured to obtain a polyhydroxyalkanoate containing the SHPxV monomer unit. 



45 



so 




55 



(15) 




[0044] A microorganism capable of producing a polyhydroxyalkanoate containing a 3-hydroxy-(4-fluorophenoxy)bu- 
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tyric acid (3HFPxB) monomer unit represented by the following Formula (17) from 4-(4-ftuorophenoxy)butync acid 
(FPxBA) represented by the following Formula (18) may also be cultured to obtain a polyhydroxyalkanoate containing 
the 3HFPxB monomer unit. 



10 



15 




(17) 




(18) 



20 



25 



[0045] A microorganism capable of producing a polyhydroxyalkanoate containing a 3-hydroxy-4-cyclohexylbutyric 
acid (3HCHB) monomer unit represented by the following Fomriula (19) from 4-cyclohexylbutyric acid (CHBA) repre- 
sented by the following Formula (20) may also be cultured to obtain a polyhydroxyalkanoate containing the 3HCHB 
monomer unit. 



30 



35 




(19) (20) 



40 

[0046] A microorganism capable of producing a polyhydroxyalkanoate containing a 3-hydroxy-4-(4-fluorocyciohexyl) 
butyric acid (3HFCHB) monomer unit represented by the following Formula (21 ) from 4-(4-f luorocyclohexyl)butyric acid 
(FCHBA) represented by the following Formula (22) may also be cultured to obtain a polyhydroxyalkanoate containing 
the 3HFCHB monomer unit. 

45 



55 
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10 




(21) (22) 

15 

[0047] A microorganism capable of producing a polyhydroxyalkanoate containing a 3-hydroxy-5-benzoylvalerlc acid 
(3HBzV) nnonomer unit represented by the following Fomnula (23) from S-benzoylvalerIc acid (BzVA) represented by 
the following Formula (24) may also be cultured to obtain a polyhydroxyalkanoate containing the 3HBzV monomer unit. 

20 



25 



30 




(23) (24) 

35 

[0048] A microorganism capable of producing a polyhydroxyalkanoate containing a 3-hydroxy-5-(4-fluoroben2oyl) 
valeric acid (3HFBzV) monomer unit represented by the following Fomnula (25) from 5-(4-fluoroben2oyl)valeric acid 
(FBzVA) represented by the following Formula (26) may also be cultured to obtain a polyhydroxyalkanoate containing 
the 3HFBzV monomer unit. 

40 



F 



50 




(25) (26) 
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[0049] A microorganism capable of producing a polyhydroxyalkanoate containing 3-hydroxy-5-(4-fluorophenyl)valer- 
ic acid (3HFPV) and 3-hydroxy-5-(4-fluorophenoxy)valeric acid (SHFPxV) monomer units represented by the following 
Formulas (11) and (27). respectively, from 5-(4.fluorophenyl)valeric acid (FPVA) and 5-(4-fluorophenoxy)valeric acid 
(FPxVA) represented by the following Formulas (12) and (28), respectively, may still also be cultured to obtain a pol- 
yhydroxyalkanoate containing the 3HFPV and SHFPxV monomer units. 



10 



15 



20 





(11) (27) 



25 



30 



35 




(12) 




[0050] A microorganism capable of producing a polyhydroxyalkanoate containing 3-hydroxy-7-phenoxyheptanolc 
acid (3HPxHp) and 3-hydroxy-5.phenoxyvaleric acid (3HPxV) monomer units represented by the following Formulas 
40 (29) and (15), respectively, from 7-phenoxyheptanoic acid (PxHpA) represented by the following Formula (30) may 
also be cultured to obtain a polyhydroxyalkanoate containing the 3HPxHp and 3HPxV monomer units 



45 
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10 



15 



20 



25 




(30) 

30 [0051] A more specific process is described on general items here. On individual items, it is described in Examples 
later. 

- Microorganism - 

35 [0052] The microorganism used in the process according to the present invention may be any microorganism as 
long as it is a microorganism capable of producing the polyhydroxyalkanoate containing the units represented by For- 
mulas (2) to (4), by culturing the microorganism in a culture medium containing the corresponding alkanoic acid. As 
an example thereof, it may include microorganisms belonging to the genus Pseudomonas. Stated more specifically, 
the microorganism may include Pseudomonas cichorii strain YN2 (PERM BP-7375), Pseudomonas cichorii strain H45 

40 (PERM BP-7374), Pseudomonas putida strain P91 (PERM BP-7373) and Pseudomonas jessenii strain P161 (PERM 
BP-7376). These four kinds of microorganisms have been deposited in Patented-Mcroorganism Deposition Center, 
Biotechnology Industrial Technology Institute of The Ministry of Economy and Industry, and are microorganisms dis- 
closed in Japanese Patent Application Laid-Open No. 2002-080571 . Incidentally, in respect of those other than these 
strains, too, the microorganism usable in the PHA production process according to the present invention may also be 

45 Obtained by culturing using the alkanoate as a substrate, e.g., by screening any microorganism belonging to the genus 
Pseudomonas. 

[0053] Details of the strains YN2. H45, P91 and PI 61 are shown below. 

- Bacteriological Properties of Strain YN2 - 

50 

(1) Morphological Properties 
[0054] 

Size and shape of cells: rod-shaped bacteria of 0.8 pim x 1 .5 to 2.0 )im. 
Polymorphism: no. 
Mobility: yes. 
Sporulation: no. 
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Gram staining: negative. 

Colony formation: round, entirely smooth periphery, low protrusion, smooth surface layer! glossy, semitrans 



parent. 

(2) Physiological properties: 



[0055] 



Cataiase: 
Oxidase: 

O/Ftest: 

Reduction of nitrate: 
Formation of indole: 
Souring of D-glucose: 
Arginine dihydrolase: 

Urease: 

Aesculin hydrolysis: 
Gelatin hydrolysis: 
P-Gatactostdase: 

Fluorochrome production in King's B agar: 
Growth in 4% NaCI: 

Accumulation of poly-p-hydroxybutyric acid: 
Hydrolysis of Tween 80: 



25 (3) Substrate utilization ability: 
[0056] 



10 



15 



20 



positive, 
positive. 

oxidation type (non-femnentative). 

negative. 

positive. 

negative. 

negative. 

negative. 

negative. 

negative. 

negative. 

positive. 

positive (weak growth). 

negative.* 

positive. 



D-giucose: positive. 

30 L-arabinose: positive. 

D-mannose: negative. 

D-mannitol: negative. 

N-acetyl-D-glucosamlne: negative. 

Maltose: negative. 

35 Potassium gluconate: positive. 

n-Capric acid: positive. 

Adipic acid: negative. 

DL-malic acid: positive. 

Sodium citrate: positive. 

Phenyl acetate: positive. 



- Bacteriological Properties of Strain H45 - 
(1) Morphological Properties 

45 

[0057] 

Size and shape of cells: 

rod-shaped bacteria of 0.8 jxm x 1 .0 to ,1 .2 ^m. 

no. 
yes. 
no. 

negative. 

round, entirely smooth periphery, low protrusion, smooth surface layer, glossy, 
cream-colored. 

• judged by dying a nutrient agar cultured colony with Sudan black. 



Polymorphism: 
Mobility: 
Sporulation: 
Gram staining: 
Colony formation: 
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(2) Physiological properties: 
[0058] 

Catalase: positive. 

Oxidase positive. 

0/F lesl: oxidation type. 

Reduction of nitrate: negative. 

Formation of indole: negative. 

Souring of D-glucose: negative. 

Arginine dihydrolase: negative. 

Urease; negative. 

Aesculin hydrolysis: negative. 

Gelatin hydrolysis: negative. 

|j-Galaciosidasc: negative. 

Fluorochronne production in King's B agar positive. 

Growth in 4°o NaCI: negative. 
Accumulation of poly-p-hydroxybutyric acid: negative 

(3) Substrate utilisation ability: 
[0059] 

D-glucosc: positive. 

L-arabinose: negative. 

D-mannose: positive. 

D-mannitol: positive. 
N -acetyl- D-gl ucosami n e : pos itive . 

Maltose: negative. 

Potassium gluconate: positive. 

n-Capric acid: positive. 

Adipic acid: negative. 

DL-malic acid: positive. 

Sodium citrate: positive. 

Phenyl acetate: positive. 

- Bacteriological Properties of Strain P91 - 

(1) Morphological Properties 

[0060] 



Size and shape of ceils: 



rod-shaped bacteria of 0.6 \im x 1 .5 ^im. 



Polymorphism: 
Mobility: 
Sporulation: 
Gram staining: 
Colony formation: 



no. 

yes. 

no. 

negative. 

round, entirely smooth periphery, low protrusion, smooth surface layer, 
glossy, cream-colored. 



(2) Physiological properties: 
[0061] 



Catalase: 
Oxidase: 



positive, 
positive. 
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25 



30 



35 



O/F test: 

Reduction of nitrate: 
Formation of indole: 
Souring of D-glucose: 
Arginine dihydrolase: 
Urease: 

Aesculin hydrolysis: 
Gelatin hydrolysis: 
P-Galactosidase: 

Fluorochrome production in King's B agar: 
(3) Substrate utilization ability: 



[0062] 

D-glucose: 

L-arabinose: 

D-mannose: 

D-mannitol; 

N-acetyl-D-glucosamine: 
Maltose: 

Potassium gluconate: 
n-Capric acid: 
Adipic acid: 
DL-malic acid: 
Sodium citrate: 
Phenyl acetate: 



positive. 

negative. 

negative. 

negative. 

negative. 

negative. 

positive. 

positive. 

negative. 

positive. 

positive. 

positive. 



oxidation type. 

negative. 

negative. 

negative. 

positive. 

negative. 

negative. 

negative. 

negative. 

positive. 



- Bacteriological Properties of Strain P161 - 

(1) Morphological Properties 

[0063] 

Size and shape of cells: spherical, 0.6 diameter. 



40 Polymorphism: 
Mobility: 
Sporulatlon: 
Gram staining: 
Colony formation: 



45 



50 



55 



rod-shaped, 0.6 nm x l .5 to 2.0 p.m. 

yes (elongation type). 

yes. 

no. 

negative. 

round, entirely smooth periphery, low protrusion, smooth surface layer, pale yellow. 



(2) Physiological properties: 
[0064] 

Catalase: 
Oxidase: 
O/F test: 

Reduction of nitrate: 
Formation of indole: 
Souring of D-glucose: 
Arginine dihydrolase: 
Urease: 

Aesculin hydrolysis: 



positive. 

positive. 

oxidation type. 

positive. 

negative. 

negative. 

positive. 

negative. 

negative. 



16 

BNSDOCID: <EP 1255166A2J_> 



EP 1 255 166 A2 



Gelatin hydrolysis: negative. 
p-Galactosidase: negative. 
Fluorochrome production in King's B agar: positive. 



5 



(3) Substrate utilization ability: 



[0065] 



10 



D-glucose: 

L-arabinose: 

D-mannose: 



positive, 
positive, 
positive. 



D-mannitol:positive. 



75 



N-acetyl-D-glucosamine: 
Maltose: 

Potassium gluconate: 



positive. 

negative. 

positive. 

positive. 

negative. 

positive. 

positive. 

positive. 



n-Capric acid: 
Adipic acid: 



20 



DL-malic acid: 
Sodium citrate: 
Phenyl acetate; 



- Culture Substrate - 

[0066] As a substrate capable of feeding acetyl-CoA or an energy source and a carbon source in the process ac- 
cording to the present invention, a culture medium component derived from a natural product such as yeast extract; 
polypeptone, meet extract (e.g., beef extract) or Casamino acid may be used. Also usable are saccharides, organic 
acids occurring as intermediates in the TCA (tricarboxylic acid) cycle, and organic acids occurring through one-stage 
or two-stage biochemical reaction from the TCA cycle, or salts thereof. Any of these compounds may appropriately be 
selected taking account of its utility as the substrate for microorganism to be used as long as they are compounds 
capable of feeding the acetyl-CoA or energy source and carbon source without passing through the p-oxidation cycle. 
[0067] Where the intended bulky monomer may be in a small proportion, a straight-chain alkanoic acid having 4 to 
12 carbon atoms^ or a salt thereof, may also be used as the substrate. In such as case, however, attention must be 
paid to the fact that a straight-chain and substituent-free, simple monomer (hereinafter simply "mcl") is in a larger 
proportion. 

[0068] Of these, the saccharides may include aldoses such asglyceraldehyde, erythrose, arabinose, xylose, glucose, 
galactose, mannose and fructose; alditols such as glycerol, erythritol and xylitol; aldones such as gluconic acid; uronic 
acids such as glucuronic acid and galacturonic acid; and disaccharides such as maltose, sucrose and lactose. At least 
one compound selected from these may preferably be used. 

[0069] The organic acids or salts thereof may include, as examples thereof, pyruvic acid, oxalacetic acid, citric acid, 
isocitric acid, ketoglutaric acid, succinic acid, fumaric acid, malic acid and lactic acid, or salts of these, and at least one 
compound selected from these may preferably be used. 

[0070] The amino acids or salts thereof may include glutamic acid and aspertic acid, or salts of these, and at least 
one compound selected from these may preferably be used. 

[0071] In particular, it is preferable to use polypeptone and saccharides. Of the saccharides, at least one selected 
from the group consisting of glucose, fructose and mannose is preferred. Any of these substrates may usually preferably 
be contained in a proportion of from 0.1 % to 5% (w/v), and more preferably from 0.2% to 2% {wN), per culture medium. 

- Culturing; General - 

[0072] The intended PHA may be produced by culturing any of these microorganisms in a culture medium containing 
the alkanoate for introducing the desired monomer unit and the substrate for proliferation according to the present 
invention. Such a PHA is an isotactic polymer, which is commonly constituted of only the R-configuration. 
[0073] For the usual culturing of microorganisms used in the PHA production process according to the present in- 
vention, e.g., for the preparation of storage strains and for the proliferation to ensure the number of microorganism 
and active state, any type of culture mediums such as commonly available natural culture mediums and synthetic 
mediums to which nutrient sources have been added may be used as long as they do not adversely affect the growth 
and existence of microorganisms. Culturing conditions such as temperature, aeration and spinning may appropriately 
be selected in accordance with microorganisms to be used. 
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[0074] As tor the case in which the PHA is produced and accumulated using the microorganism an inoraanic culture 
7oZ::T9H^ '""^'^"'^'"^ "^^'^^ — - -V be use^rrrurJI^Sum TZ 

[0076] Composition of the M9 medium, used in Examples of the present invention, is shown below. 



Na2HP04 . 


6.2 g 


KH2HPO4 


3.0 g 


NaCI 


0.5 g 


NH4CI 


1.0 g 



(in 1 liter of the culture medium; pH: 7.0) 

«n°JhI J'.^ """T^ '^^^ ^^"'^"^ under conditions of. e.g.. 15»C to 40»C, and preferably from 20<>C to 35 -C 
and by shaking culture or spinner culture under aerobic conditions oiy rrom o to 35 C. 

SbvhJ^h °' TT?:^"\ ^="""""9 °' microorganisms may be used as exem- 

c !n ? . !' semicontinuous culture, continuous culture and reactor type culture A r^uW 

nvent on ' " ' ''''' ""'^^ °" "^"^^"^^ P-^'''^^^'- substratesUd in the present 



25 - Cultuhng: mcl-Alkanoate 



f J^. n ^ comprising a two-stage culturing process, a method is available in which in the 

Sv weSfi^ n pV"^!''^^"'^^^^ "^""'""^ ^ ^"''^^^^^^ proliferation, approximaterfrom 0 % 

SiH S ? ^ °' ^" '^^"'"9 ^ *° ■'2 '^^rtJO" ««°ms as exemplified by octanoic ackl o rnanoic 

so acd and contains approximately from 0.01% to 0.5% of an alkanoate for introducing the desired monler unT tho 

aa fon or r S"'"' ! ""'^ °" '^°'"P'^*'°" °' <="'*"""9 ^ ' '^t stage Is collected by crntn^u 

gation or the like and thereafter further cultured in a culture medium which contains appLlmatelv rom roi7h„ 
weight to 0.5% by weight of that alkanoate and In which any nitrogen source is not prLeTwrrifteM^^^^^^^^^ 
r^Ji, completed, the bacterial body is collected and the desired PHA is extracted ^ 
[0081] Another rnethod is also available in which the microorganism is cultured by supplying approximated from 

morrnlr ? .^"^.^ ^ ""^^ ° '° '^'^'S^* of an alkanoate for IntroducinTthe dented 

tTme oTL r ; the bacterial body formed is collected from the latter phase of logarithmic growth up t^a po.n ' 
40 t'Tie of the Stationary phase. Where the desired PHA is extracted a up lo a point pi 

L?um Iho'ln A ^•^''^^ ^"''^t^ate proliferation the mcl-alkanoate is added to the culture me- 

dium, the PHA gamed stands a PHA in which monomer units derived from the mcl-alkanoate added as the substre 

SLrr;^ ^nrr:' ^ ^ - — p°'-- wHichisr:r;r 



Culturing; Saccharide - 



fS,fS.„r^n^''^"''"°' ^ ^ comprising a two-stage culturing process, a method is available in which in the 

K?; o 1'"°'^^""= ''"""'■^ '"^^'"'^ ^^"^^ "^"t^'^^- «^ « substrate for proliferation, approximaterf r^^, 0 % 
0 or/SweLT^o 0 Ko/f °^ ^--^-'^Me.g.. glucose, mannose orfmctose) and contains ap^frnZ fr^m 
0.01 /o by weight to 0.5% by weight of an alkanoate for introducing the desired monomer unit the Lrooraalm 

stage, the bactenal body fomied on completion of the culturing in the first stage Is collected by centrifuaation S 
flboiVLSn^ni^^^^^^ 

from 0^01 /p by weight to 0.5% by vyeight of that alkanoate and in which any nitrogen source is not present where after 
M^'^'Ztr ''^^^ T^'r'' '^oXe-ted and the desired PHA Is e^Sd ' 

[00841 Another method .s also available in which the microorganism is cultured by supplying approximately, from 
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0 1% by weight to 2.0% by weight of a saccharide (e.g., glucose, mannose or fructose) as a substrate for proliferation 
and approximately from 0.01% by weight to 0.5% by weight of an alkanoate for introducing the desired monomer unit, 
and the bacterial body fomned is collected from the latter phase of logarithmic growth up to a point of time of the 
stationary phase, where the desired PHA is extracted. 

[0085] Thus, the concentration of the saccharide (e.g., glucose, mannose or fructose) to be added to the culture 
medium may appropriately be selected in accordance with the type of the alkanoate for introducing the desired monomer 
unit, the genus of the microorganism, the density of the bacterial body or the culturing method. Usually, the saccharide 
may be added selecting its content in the culture medium in the range of approximately from 0.1% by weight to 2.0% 
by weight. As for the concentration of the alkanoate serving as a raw material, It may also appropriately be selected 
in accordance with the genus of the microorganism, the density of the bacterial body or the culturing method. Usually, 
the alkanoate may be added selecting its content in the culture medium in the range of approximately from 0.01% by 
weight to 0 5% by weight. Thus, as a result of the culturing of a microorganism in the culture medium which contains 
the saccharide (e g., glucose, mannose or fructose) and the alkanoate. the desired PHA is produced and accumulated, 
in which any unintended monomer units are less mixedly present or not present at all. Such a PHA is an isotactic 
polymer which is commonly constituted of only the Reconfiguration. 



- Cutluring; Polypeptone - 



25 



[0086] For example, as a method comprising a two-stage culturing process, a method is available in which, in the 
20 first stage, in an inorganic culture medium which contains, as a substrate for proliferation, approximately from 0.1% 
by weight to 2.0% by weight of polypeptone and contains approximately from 0.01% by weight to 0.5% by weight of 
an alkanoate for introducing the desired monomer unit, the microorganism is cultured from the latter phase of logarithmic 
growth up to a point of time of the stationary phase, and, in the second stage, the bacterial body fomned on completion 
of the culturing in the first stage is collected by centrrfugation or the like and thereafter further cultured in a culture 
medium which contains approximately from 0.01% by weight to 0.5% by weight of that alkanoate and in which any 
nitrogen source is not present, where, after the culturing has been completed, the bacterial body is collected and the 
desired PHA is extracted. 

[0087] Another method is also available in which the microorganism is cultured by supplying approximately from 
0.1% by weight to 2 0% by weight of polypeptone and approximately from 0.01% by weight to 0.5% by weight of an 

30 alkanoate for introducing the desired monomer unit, and the bacterial body formed is collected from the latter phase 
of logarithmic growth up to a point of time of the stationary phase, where the desired PHA is extracted. 
[0088] Thus, the concentration of the polypeptone to be added to the culture medium may appropriately be selected 
in accordance with the type of the alkanoate for introducing the desired monomer unit, the genus of the microorganism, 
the density of the bacterial body or the culturing method. Usually, the polypeptone may be added selecting its content 

35 in the culture medium in the range of approximately from 0.1% by weight to 2.0% by weight. Also, as the polypeptone, 
any commercially available polypeptone used generally for the culturing of microorganisms may preferably be used. 
As for the concentration of the alkanoate serving as a raw material, it may also appropriately be selected in accordance 
with the genus of the microorganism, the density of the bacterial body or the culturing method. Usually, the alkanoate 
may be added selecting its content in the culture medium in the range of approximately from 0.01% by weight to 0.5% 

40 by weight. Thus, as a result of the culturing of a microorganism in the culture medium which contains the polypeptone 
and the alkanoate, the desired PHA is produced and accumulated, in which any unintended monomer units are less 
mixedly present or not present at all. Such a PHA is an isotactic polymer, which is commonly constituted of only the 
R-configuration. 

45 - Culturing; Organic Acid Participating in TCA Cycle - 

[0089] For example, as a method comprising a two-stage culturing process, a method is available in which, in the 
first stage, in an inorganic culture medium which contains, as a substrate for proliferation, approximately from 0.1% 
by weight to 2.0% by weight of an organic acid participating in the TCA cycle (e.g., lactic acid, pyruvic acid, citric acid, 

50 succinic acid, fumaric acid or malic acid, or a salt thereof) and contains approximately froni 0.01% by weight to 0.5% 
by weight of an alkanoate for introducing the desired monomer unit, the microorganism is cultured from the latter phase 
of logarithmic growth up to a point of time of the stationary phase, and, in the second stage, the bacterial body formed 
on completion of the culturing in the first stage is collected by centrifugation or the like and thereafter further cultured 
in a culture medium which contains, as a substrate for proliferation, approximately from 0.1% by weight to 2.0% by 

55 weight of an organic acid participating in the TCA cycle (e.g., lactic acid, pyruvic acid, citric acid, succinic acid, fumaric 
acid or malic acid, or a salt thereof) and contains approximately from 0.01% by weight to'0.5% by weight of that al- 
kanoate and in which any nitrogen source is not present, where, after the culturing has been completed, the bacterial 
body is collected and the desired PHA is extracted. ' 
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[0090] Another method is also available in which the microorganism is cultured by supplying approximately from 
a % by we.ght to 2^0% by weight of an organic acid participating in the TCA cycle (e.g.. lactic add py7uvteadi c^c 

wJ.«ht o'fT" r rr Ti^' ""^"^ °' ^ ^^^^^^^^ ^^-^ approximately from 0.01% by weig^ 5% by 
we.ght of an alkanoate for .ntroducing the desired monomer unit, and the bacterial body fomied is colSted fronTthe 

0 9 r Th^s thf.; n^nS'onh: ' °' T °' ''^'^ ^^^^^ ^^'^^ PHATe^cTed 
10U91 J Thus, the concentration of the organic acid participating in the TCA cycle (e.g.. lactic acid pyruvic add citric 

' rT"" °' "'^"^ °' " '^^^^^f) '° ^^^^^ to the culture medium may appCia e^ 
be selected in accordance with the type of the alkanoate for introdudng the desired monomer unit the qehus Jthe 
microorganism, the density of the bacterial body or the culturing method. Usually.-the orTnic add^^^^^^ 
se ec.ng its content in tl.e culture medium in the range of approximately_from-0..1%-by we?gh"S byC^^^^^^^ 
fo the concentration of the alkanoate serving as a raw material, it may also appropriately be selected in a^o^dance 
with the genus of the microorganism, the density of the bacterial body or the cuLring method. Usually the^ kanoate 
may be added selecting its content in the culture medium in the range of approximately from 0.01 rby weight to 0 S 
by weight. Thus, as a result of the culturing of a microorganism in the culture medium which contats meXnic ^ id 
salt merS 1^1 i"^""'' ^' t '^'"'^ fumari^ac" H^^^^^^^^^ or a 

un ts arii. T' ^ ''^^''^ '''''' P^^'^"'^^^ ^"'^ accumulated, in which any unintended monomer 

rn'^ero'ssr""^""^ 

- Culturing; Polypeptone + Pyruvic Acid or Salt Thereof - 

S,?^./*"' ^''^P'^' ^ « comprising a two-stage culturing process, a method is available in which in the 

nrst stage in an inorganic culture medium which contains, as a substrate for proliferation, approximaterfrom 0 % 
by we^ht to 2.0% by weight of polypeptone and contains approximately from 0.01% by weigM to 0 st by wdgh o 

gro«rth up to a point o time of the stationary phase, and. in the second stage, the bacterial body fonned on cor^p etTon 
^ITI T^ ? V"^' centrifugation or the like and thereafter further cultured in an ino^ 

culture medium which contains, as a substrate for proliferation, approximately from 0.1% by weight to 2 oSby wS 
Of pyruvic acid or a salt thereof and contains approximately from 0.01% by weight to 0.5% by w^h of^hat alkanoate 

c^rterndZs^pZ^ir^^^^^ 

cS ml!l!;fm'^,^''°"'^"''^"°'; °1 '""^ P°'yP«P'°'^« ^"'^ Py^"^*c acid or a salt thereof which are to be added to the 
culture medium may appropriately be selected in accordance with the type of the alkanoate for introducing the desi ed 

thi rL-^rr . ? f^""""" ^"^ °' ^ ""^y ''^ ^'^^^^ ^«'«^^i"9 «s content in the culture med urn in 

Is aTafmate;^^^^^^^^ ""^ ° T"'' *° ^ concentration of the alkanoate selg 

of fhT^^fS J' T\t ?P^°P"^'^'y s^'^'^'^d in accordance with the genus of the microorganism, the densi^ 

ISrum in T ^ ^ °7 '^""'""^ '^"^ '"^y ''^ '^'^^^ ««'«=«ng its content in the culturt 

medium in the range of approximately from 0.01% by weight to 0.5% by weight. Thus, as a result of the I^o-s age 

mil Zhfch cTnST ""'"'^ P°'yP^P^°- -"<«"°ate and in t^e cuSe 

ZlfTn Py^^^-c «<='d or a salt thereof and the alkanoate. the desired PHA is produced and accu 

^otSc nnil ""'"'^""^^^ -^"""^-^ """s are less mixedly present or not present at all Such a pS A is an 

isotactic polymer, which is commonly constituted of only the R-configuration. - rn/s is an 

- Collection of PHA - 

[0094] To gain the PHA from the culture solution according to the present invention, conventionally available methods ' 
rnay be used. Where the PHA is secreted in the culture solution, a method may be used in which itTs extracted ' or^ 
the cu ture solution and purified, and. where the PHA is accumulated in the bacterial body a r^e.l^^dTw^h 
extracted from the bacterial body and purified. For example, for the collection of the PHA fL the culredTcteriS 

madrB'eZrth?cr' f"*^" "^'"^ ''^'^^''^^ --P'«- -hich is coXentionalJ 

made. Besides the chlorofomn. dioxane, tetrahydrofuran, acetonitrile or acetone is used in some cases Also in an 
environment which should be kept from use of organic solvents, a method may be used in which bacteTal-bod; com 

ao^m 1?:: '^"^^ *° ""^'^ '^^^""^ -icroorgamsm cellf J;th a ^riace^a^^ 

agent such as SDS (sodium dodecyl sulfate), treating them with an enzyme such as lysozyme, or treating them wtth 

a Chemical such as EDTA(ethylenediaminete.raacetic acid), sodium hypochlorite, hydros 

[0095] The culturing of microorganisms according to the present invention, the production of the PHA by mfcroor^ ■ 
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ganisms and its accumulation in the bacterial body, and the collection of the PHA from the bacterial body are by no 
means limited to the above methods: For example, as the microorganism utilized in the PHA production process ac- 
cording to the present invention, besides the four kinds of strains described previously, usable are any microorganisms 
having the ability to produce the PHA according to the present invention, like these four kinds of strains. 

5 

- Other Constituent Materials - 

[0096] Other constituent materials which constitute the toner for developing electrostatic latent images according to 
the present invention are described below. The toner for developing electrostatic latent images is constituted of, in 
10 addition to the binder resin described above, a colorant, a charge control agent and other additives which are optionally 
added. 

(Binder Resin) 

IS [0097] First, as the binder resin, only the binder resin of the present invention may preferably be used. In addition 
to the binder resin of the present invention, other thermoplastic resin may be incorporated as a binder resin. For ex- 
ample, the former may be used in the form of its mixture with one or more of styrene type polymers such as polystyrene, 
polyacrylate and a styrene-acrylate copolymer, polyvinyl chloride, polyvinyl acetate, polyvinylldene chloride, phenolic 
resins, epoxy resins and polyester resins, and any resins may be used without any particular limitations as long as 

20 they are those usually used when toners are produced. 

[0098] Where a thenmoplastic resin having no biodegradability is used as the binder resin other than the PHA, such 
an additional thermoplastic resin may preferably be mixed in a proportion of 80% by weight or less, and particularly 
50% by weight or less. If the additional themioplastic resin is in a proportion larger than 80% by weight, the additional 
thermoplastic resin may have so excessively a high binding strength to the paper surface that the toner may have low 

25 deinking properties. Also, where thetoner is used as a biodegradable toner, it is preferable notto use such an additional 
thermoplastic resin having no biodegradability. 

[0099] In the present invention, any commercially available biodegradable plastic of various types may also preferably 
be mixed and used. The biodegradable plastic may include, e.g., ECOSTAR and ECOSTAR PLUS (trade names; 
available from Hagiwara Kogyo), BIOPOLE (trade name; available from I.C.I Japan). AJICOAT (trade name; available 

30 from Ajinomoto), PLACCELL and 

[0100] POLYCAPROLACTONE (trade names; available from Daicell Chemical), SHOREX and BIONORE (trade 
names; available from Showa Denko), LACTY (trade name; available from Shimadzu Corporation), and RAYCIA (trade 
name; available from Mitsui Chemical). In the case when any of these resins are mixed and used, the biodegradability 
inherent in the toner of the present invention is not damaged. 

35 [0101] Of these, the polycaprolactone (i.e., a polymer of e-caprolactone) or the polylactic acid referred to previously 
is particularly preferred in view of advantages that It is completely degradable with ease by lipase, esterase or the like 
and it can readily be blended with other resins, or modified in physical properties by copolymerization or the like. 
[0102] The styrene type polyrners may include copolymers of styrene with acrylate or methacrylate and copolymers 
of other monomers copolymerizable with these, and copolymers of styrene with diene monomers (such as butadiene 

40 and isoprene) and copolymers of other monomers copolymerizable with these. The polyester type polymers may in- 
clude polycondensation products of aromatic dicarboxylic acids with alkylene oxide addition products of aromatic diols. 
The epoxy type polymers may include reaction products of aromatic diols with epichlorohydrin, and modified products 
thereof. The polyolefin type polymers may include polyethylene, polypropylene, and copolymers of any of these with 
other copolymerizable monomers. The polyurethane type polymers may include polyaddition products of aromatic 

45 diisocyanates with alkylene oxide addition products of aromatic diols. 

[0103] As specific examples of the binder resin usable in the fomri of a mixture with the binder resin of the present 
invention, it may include polymers of the following polymerizable monomers, or mixtures of any of these, or copolym- 
erization products obtained using two or nriore of the following polymerizable monomers. Such resins may specifically 
include, e.g., styrene type polymers such as styrene-methacrylic acid type polymers, as well as the polyester type 

50 polymers, epoxy type polymers, polyolefin type polymers and polyurethane type polymers. 

[0104] As specific examples of the polymerizable monomers, it may include, e.g., styrene; styrene derivatives such 
as o-methylstyrene, m-methylstyrene, p-methylstyrene, p-methoxystyrene, p-phenylstyrene, p-chlorostyrene, 
3,4-dichlorostyrene, p-ethylstyrenee, 2,4-dimethylstyrene, p-n-butyistyrene, p-tert-butylstyrene, p-n-hexylstyrene, p- 
n-octylstyrene, p-n-nonylstyrene, p-n-decylstyrene and p-n-dodecylstyrene; ethylene unsaturated monoolefins such 

55 as ethylene, propylene, butylene and isobutylene; unsaturated polyenes such as butadiene; vinyl halides such as vinyl 
chloride, vinylidene chloride, vinyl bromide and vinyl fluoride; vinyl esters such as vinyl acetate, vinyl propionate and 
vinyl benzoate; a-methylene aliphatic monocarboxylates such as methyl methacrylate. ethyl methacrylate, propyl meth- 
acrylate, n-butyl methacrylate, isobutyl methacrylate, n-octyl methacrylate, dodecyl methacrylate, 2-ethylhexyl meth- 
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itl.. H ^T^*^^' ^^-y'^te, n-butyl aco^late; isobutyl acrylate, propyl acrylL n octvl 

acrylate. dodecyl acrylate, 2-ethylhexyl acrylate, stean,! acrylate, 2-chloroethyl acrylam and phenyt achate Sv - 
others such as nnethyl vinyl ether, ethyl vinyl ether and isobutyl vinyl ether; vinyl ketoS^s surh arr^etCSTte^^^^^^^^ 
hoxyl vmyl ketone and methyl isopropenyl ketone; N-vinyl compounds such as N-vinylpyrSe N vZlc^r^^^^^^ 
vnyhndo le and N-v.nylpyrrolidone; vinylnaphthatenes; acrylte acid or methacrylic acid deSes such as acr^onrtrile 
rr'r'r" T 'T'"'^^^ °^ ^^"^ P-«aturated acids and diesterJ of rasic ac^^^^^ 
ac,ds such as ma e.c acd. methyl maleate, butyl maleate, dimethyl maleate, phthalic: acid sS^add andtereol 

3 orooln'; r mTk""'' ^'^'^^'^^ glycol, triethylene gJcoU "-pr^^^^^^^^^^ 

rrnrhX^tord^ir^^^^^^ 



(Cross-linking Agent) 



uoTrr.TrJ^^ "'^"'^ °' ^ "^"^"^^ ^"^'^ Of the present invention is made 

up. a cross-linking agent as shown below may optionally be used ■nveniion is made 

Lhln?nr,rol^^^Th'^; " ""7 '"f!''^' ^ ^ross-linking agents, divinylbenzene, bis(4-ac,yloxypolyethoxy- 

SS^e h^^^^^^^^^ 9lyco. diacrylate. 1 .3-bu.ylene glycol diacrylate, 1 ,4.butanediol diacrylate 1 .S^entanedTol 
d aery ate. 1 ,6-hexaned,ol d.acrylate, neopentyl glycol diacrylate, diethylene glycol diacrylate triethv ene alvcol d!«rr 
y ate, tetraethylene glycol diacrylate, polyethylene glycol #200 diacrylate. polyethylene g^co SSfd^c^^^^^ po^ 
vlates^MAMnA f '''"P^'^"" ^--'V'^te. Poiypropylene glycol diacry'ate, polyester^^^^^ 

rbVeTr^^rdttr;^^^^^^^^^^ 

!rTJhwl«'^ftK"'""':"'*"^',°' P'"y""'=ti'>"«' cross-linking agents it may include, e.g.. pentaerythritol triacn/late 

Z Z f T^' '^'^^^^y'^'P^^P^n^ triacrylate, tetramethylolmethane tetraacrjiate. oXoe^r S e 

nn.„l T'°r'' '^""'y ^^P'^'^^'^ methacrylate. and also 2 2^(rmZi,S^^^: 

jtrrdXrord^e""'^'^^^^^^^^^ 



litate and diaryl chlorendate 
(Polymerization Initiator) 



nn^^L "^^'^ ""^ °^ ^ t'^e binder resin of the present Invention is made 

up, a polymerization initiator as shown below may also optionally be used invention is made 

in!?nl ''°;^';^'"P'^- " "^^y '"^^'^^^^ ^l-t-butyl peroxy-2-ethylhexanoate. cumin perpivalate.t-butylperoxylaurate ben 
IZ^Z t- o'^^^^oy' Pe^'^i'le. di-t-butyl peroxide, t-butylcumyl peroxide. dTcurTTerS' 2 2"- 

a20b.s(2- sobutyronitnle), 2.2^azob>s{2-methylbutyronitrile). 2.2'-a20bis(2.4-Lethylvateronit ite^ 
TIi^ifrZy"^'"'°T''^- ^■^■b-0-butylperoxy)-3.3,5-trimethylcydohexane, M SnSpe^o^^^^^^^^^ 
2tJ£ttSf^'TK'?°"''^'^''°'^''"""' 2,2-bis(t-butylperoxy) octane, n-butyl-4.4-bis(t-It^lSxr^^^^^ 
^'fdmlmJi^rH'll'l ^'S-bNt-butylperoxy-isopropyDbenzene. 2.5-dimethyl-2.5-Ut-buty|peJoU^^^^^ 

2tS! 4'^ ;t? '■''^^^^^^ 2,5-dimethyl-2,5-di(benzoylperoxy)hexane. di-t-butyl peToxy S^^ 

diTS n. M ^^^^^^^ di-t-butyl peTo,^dime hSltte 

di-t-butyl peroxyhexahydroterephthalate. di-t-butyl peroxyazelate. 2,5-diemthyl-2.5-di(t.butyLro^y heSf ^^^^^^^^ 
ene glycol-bis t-butylperoxycarbonate). di-t-butyl peroxythmethyladipate. trisUutylperoxJ^^trisSnfaTd vJnyT^^^^^^^ 
than oT'^'J ^"1°^ '^^^^ "-'^-'-^ - - combination. The.initiatoVmay be us23 n^^amount oJL 
Of the r^nome^ • ''^^'^^^"'^^^^'^ ''y ^'^^t to 15 parts by weight, based on 100 pa^Ce^ 



- Colorant - 



fn°rnt-„ '""^ constitutes the toner for developing electrostatic latent images according to the present 

nvention, any cotorants may be used without any particular limitations as long as they are those uZ ly used Xn 

?0uT StaTed It f Tr : »yP« ™9«"ta pigments and anthraquinone type dyes 

nlntln^r H 'P^'=''"=^"y- •'^^ developing electrostatic latent images according to the preLnt 

mvention is used as a magnetic cotor toner, the colorant may include, e.g.-. C.I. Direct Red 1 . C I Dir£ ^ed 4 C I 
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Acid Red 1, C.I. Basic Red 1. C.I. Mordant Red 30, C.I. Direct Blue 1, C.I. Direct Blue 2, C.I. Acid Blue 9, C.I. Acid 
Blue 15, C.I. Basic Blue 3, C.I. Basic Blue 5. C.I. Mordant Blue 7. C.I. Direct Green 6, C.I. Basic Green 4 and C.I. Basic 
Green 6. As the pigments, usable are chrome yellow, cadmium yellow, mineral fast yellow, navel yellow, Naphthol 
Yellow S, Hanza Yellow G. Pemianent Yellow NCG. Tartrazine Yellow Lake, chrome orange, molybdenum orange. 

5 Permanent Orange GTR, Pyrazolone Orange. Benzidine Orange G, cadmium red, Pemnanent Red 4R, Watching Red 
calcium salt, Eosine Lake. Brilliant Carmine 3B, manganese violet, Fast Violet B, Methyl Violet Lake, Prussian blue, 
cobalt blue. Alkali Blue Lake, Victoria Blue Lake, Phthalocyanine Blue, Fast Sky Blue, Indanthrene Blue BC, chrome 
green, chromium oxide, Pigment Green B, Malachite Green Lake, Final Yellow Green G and so forth. 
[0112] When the toner for developing electrostatic latent images according to the present invention is used as toners 

10 for full-color two-component developers, those shown below may be used as colorants. For example, color pigments 
for a magenta toner may include, C.I. Pigment Red 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 21 , 

22, 23, 30, 31 , 32, 37, 38. 39, 40, 41 , 48, 49, 50, 51 , 52, 53, 54, 55, 57, 58, 60, 63, 64, 68, 81 , 83. 87, 88. 89, 90, 112^ 
114, 122, 123, 163, 202, 206, 207, 209; C.I. Pigment Violet 19; and C.I. Vat Red 1,2, 10, 13, 15, 23, 29, 35. 
[0113] In the present invention, any of the pigments listed above may be used alone, or dyes may be used in corn- 
's bination with such pigments so that color sharpness can be improved. This is preferable in view of image quality of 

full-color Images. Magenta dyes usable in such a case may include oil-soluble dyes such as C.I. Solvent Red 1 , 3, 8, 

23, 24, 25, 27. 30, 49, 81 , 82, 83, 84, 100. 109, 121, C.I. Disperse Red 9, C.I. Solvent Violet 8. 13. 14. 21 , 27. and C. 
I. Disperse Violet 1 ; and basic dyes such as C.I. Basic Red 1, 2, 9, 12, 13, 14, 15, 17, 18, 22, 23, 24, 27, 29, 32, 34, 
35, 36, 37, 38, 39, 40, and CI. Basic Violet 1, 3^ 7, 10, 14, 15, 21 , 25, 26, 27, 28. 

20 [0114] As other color pigments, cyan color pigments may include C.I. Pigment Blue 2, 3, 15, 16, 17. C.I. Vat Blue 6, 
C.I. Acid Blue 45, or copper phthalocyanine pigments whose phthalocyanine skeleton has been substituted with 1 to 
5 phthalimlde methyl group(s). 

[0115] Yellow color pigments may Include C.I. Pigment Yellow 1, 2, 3, 4, 5, 6, 7, 10, 11, 12, 13, 14. 15, 16, 17, 23, 
65, 73, 83, and C.l. Vat Yellow 1, 3, 20. 
25 [01 16] The dyes and pigments as described above may each be used alone. Othenwise, any of them may arbitrarily 
be mixed and then used, in order to obtain the desired color tone of toners. 

[0117] Taking account of the environmental conservation and the safety to human bodies, water-insoluble food dyes 
such as food lakes of various types may preferably be used, which may include, e.g., food red No.40 aluminum lake, 
food red No. 2 aluminum lake, food red No. 3 aluminum lake, food red No. 1 06 aluminum lake, food yellow No. 5 aluminum 

30 lake, food yellow No.4 aluminum lake, food blue No.1 aluminum lake and food blue No.2 aluminum take. 

[0118] The above water-insoluble food dyes may also function as charge control agents. In such a case, as charge 
control agents for negative charging, the above aluminum lakes may preferably be used. Thus, in the case when the 
water-insoluble food dyes have the function of charge control agents, they not only can improve the environmental 
safety of toners, but also can contribute to the cost reduction of toners. 

35 [01 19] The content of the above colorant in the toner may be changed in a wide range in accordance with the desired 
coloring effect and so forth. Usually, in order to attain the best toner characteristics, i.e., taking account of coloring 
power for printing, shape stability of toner particles, toner scattering and so forth, any of these colorants may usually 
be used in an amount of from 0.1 to 60 parts by weight, and preferably from 0.5 to 20 parts by weight, based on 100 
parts by weight of the binder resin. 

40 

(Charge Control Agent) 



[0120] As the charge control agent, any charge control agent used conventionally may be used. As specific examples,, 
it may include nigrosine type dyes and quaternary ammonium salt or monoazo type metal complex salt dyes. The 
quantity of the charge control agent to be used may be determined taking account of conditions such as the chargeabllity 
of the binder resin, the quantity of the colorant to be added, the method of production inclusive of a dispersion method 
and the chargeability of other additives. The charge control agent may be used in a proportion of from 0,1 to 20 parts 
by weight, and preferably from 0.5 to 10 parts by weight, based on 1 .00 parts by weight of the binder resin. Besides 
this, inorganic particles such as metal oxide particles or an inorganic material surface-treated with an organic material 
may also be used. Any of these charge control agents may be so used as to be mixed in the binder resin, or may be 
used in such a form that It has adhered to toner particle surfaces. 



- Other Components of Toner - 

[0121] In the toner for developing electrostatic latent images according to the present invention, in addition to the 
binder resin and colorant: components described above, the following compounds may be added. Such compounds 
are exemplified by silicone resin, polyester, polyurethane, polyamide, epoxy resin, polyvinyl butyral, rosin, modified 
rosin, terpene resin, phenolic resin, aliphatic hydrocarbon resin such as low-molecular weight polyethylene or low- 
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15 



20 



rrLffin ir? P^'yP^Py'T^ °' ''''^'^^ hydrocarbon resin, aromatic petroleum resin and chlorinated paraffin or 
Ern!^H. f tK ^ "^^"'^ specifically include low-molecular weight polypropylene and 

wLT^fL , ; P°'y«=t«^- ester waxes, and aliphatic derK^atives. Waxes obtaLed from these 

waxes, by fractionating the waxes by various methods may also preferably be used. Also, after the fractionation the 
waxes may be subjected to oxidation, block copolymerization or graft modification rractionaiion. tne 

[0122] In the toner for developing electrostatic latent images according to the present invention, a toner having su- 
cfrn?! ,f ^ T ^. especially when it contains the above wax component and such a wax component 

^LrClnTtJn l^"""''' °' "P'^"'^^' ""'^''^ spindle-Shaped Islands in its cross-sectZl ob- 

servation of toner particles using a transmission electron microscope (TEM). . 

- Toner Production Process - 

[0123] Asaspecificprocessforproducingthetonerfordevelopingelectrostaticlatentimagesaccordingtothepresent 
L'^rroi^.ttT t / " described above, any conventionally known process may be used. The toner for d^e opfng 
electrostatic latent images according to the present invention may be produced by. e.g., what Is called a pulverization 
pix-cess, Which produces the toner according to the following steps. That is, stated specifically resins such as he 
binder resin of the present invention, and other components such as the charge control agent and the wax which are 
optionally added are thoroughly mixed by means of a mixing machine such as a Henschel mixer or a baZ und then 
he mixture is mell-kneaded using a heat kneading machine such as a heating roll, a kneader or an extruder to make 
r.hT ' f ^ °" °r " P'^ment. dye or magnetk: material as the colorant and addles 

such as a metal conipound optionally added are then dispersed or dissolved, followed by cooling for solidification 
Thereafter, the solidified product is pulverizes by means of a grinding machine such as a jet'^mill or a ball mVl Sowed 
thet c!:r T ] T ^---^o^^9 electrostatic latent images according to the present Invention, ha^ng 

the des^d particle diameter, can be obtained. Incidental^, in the step of classification, a muiti-divislon classifier r,^a? 
preferably be used in view of production effteiency. may 

E!t11 T^' "J^^t'^P'^S electrostatic latent images according to the present invention, having the desired 

and ethylene dichlonde, ketones such as acetone and methyl ethyl ketone, and amides such as dimethylformamide) 
ftt'Znlnd't H '""Z'T T '""'"^ '"^'^ »° ^^'^ reprecipltation, fo7owed by 

nSlZ.\ }■ 1 Classification. Incidentally, in the step of classifteation, a multi-division classifier may 
preferably be used in view of production efficiency. «>omici may 

dnlin h„Il^ T^' for developing electrostatic latent images according to the present invention may still also be pro- 
Si^L " I \P°^en2ation process as described below. That is, in this case, materials such as a polym- 
enzable monomer of the binder resin according to the present invention, the pigment, dye or magnetic material as the 
colorant, and optionally the cross-linking agent, the polymerization initiator, the wax and other adLes^e mixi and 
«n r^^'" ^ Polymerizable monomer composition, which is then subjected to suspension polymerization in 

TJ^IZ *^Pt^'°" t^^e presence of surfactant to synthesize poh^erized color resin partides. The res n 
,?nJr « i ' . soU6.r^ui6 separated, followed by drying and then optionally classifkTation to obtairthe 

toner for developing electrostatic latent images according to the present invention 

(Silica External Additive) 

!S J!l''' h'''^^^"1'"''^"''°"' '° produced by the process as described above, it Is preferable to add a 

U T^^ , T '""^''^ ^'^"'"'y' developing perfomiance. fluidity and running perfom,- 

ZZ,T r "T, ^ ""^ ^"''^^ '^^^'"S ^ =P^'«= ^"rf««^e «^ea of 20 m^/g or more, and 

part^ularly in the range of from 30 to 400 m^/g, as measured by nitrogen adsorption according to the BET me hod 

so IT IT"! . ""^ "'"^^ '"^y ^ "^«d an amount of from 0.01 to 8 parts by weight' 

IkirLv^r^LT V°■^''T'^ lOOpartsby welghtofthetonerparticles: For the purpose 

Th aleSn?«n ? H ?^ chargeabllity, the fine silica powder used here may preferably optionally be treated 
w th a treating agent such as a silicone varnish, a modified silicone varnish of various types, a silicone oil a modified 
sHicone oil of various types, a silane coupling agent, a silane coupling agent having a functional group or other orga- 
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(Inorganic Powder) 

[0127] . In order to Improve toner's developing performance and running performance, it is also preferable to add the 
following inorganic powder. It may include, e.g., oxides of metals such as magnesium, zinc, aluminum, cerium, cobalt, 

5 iron, zirconium, chromium, manganese, strontium, tin and antimony; composite metal oxides such as calcium titanate, 
magnesium titanate and strontium titanate; metal salts such as calcium carbonate, magnesium carbonate and alumi- 
num carbonate; clay minerals such as kaolin; phosphoric acid compounds such as apatite; silicon compounds such 
as silicon carbide and silicon nitride; and carbon powders such as carbon black and graphite powder. In particular, fine 
powder of zinc oxide, aluminum oxide, cobalt oxide, manganese dioxide, strontium titanate or magnesium titanate may 

10 preferably be used. 



(Lubricant) 

[0128] A lubricant powder as shown below may also be added to the toner. It may include, e.g., fluorine resins such 
15 as Teflon and polyvinylidene fluoride; fluorine compounds such as carton fluoride; fatty acid metal salts such as zinc 
stearate; fatty acids, and fatty acid derivatives such as fatty esters; and molybdenum sulfide. 

[0129] These constituents, the binder resin usable in the form of a mixture with the binder resin of the present in- 
vention, colorant, charge control agent and other additives optionally added, are each in a very small content in the 
toner. However, taking account of post-disposal, it is more preferable to use those having biodegradability. 

20 

- Carrier - 



[0130] The toner for developing electrostatic latent images according to the present Invention, constituted as de- 
scribed above, may be used alone as a non-magnetic one-component developer, or may be applied to conventionally 

25 known various toners such as a non-magnetic toner which constitutes a magnetic two-component developer together 
with a magnetic carrier, and a magnetic toner used alone as a magnetic one-component developer. Here, as a carrier 
used in two-component development, any of conventionally known carriers may be used. Stated specifically, particles 
formed of metals such as iron, nickel, cobalt, manganese, chromium and rare earth elements, and alloys or oxides 
thereof, having been surface-oxidized or unoxidized and having an average particle diameter of from 20 to 300 nm, 

30 may be used. Also, it is preferable to use carriers comprising such carrier particles to or on the surfaces of which a 
material such as a styrene resin, an acrylic resin, a silicone resin, a fluorine resin or a polyester resin has been made 
to adhere or coated. \ 

- Magnetic Toner - 

35 

[0131] The toner for developing electrostatic latent images according to the present invention may also be made 
usable as a magnetic toner by incorporating a magnetic material into toner particles. In this case, the magnetic material 
may also be made to serve as the colorant. The magnetic material used here may include iron oxides such as magnetite, 
hematite and fen-ite; magnetic metals such as iron, cobalt and nickel, or alloys of any of these metals with a metal such 

40 as aluminum, cobalt, copper, lead, magnesium, tin, zinc, antimony, beryllium, bismuth, cadmium, calcium, manganese, 
selenium, titanium, tungsten or vanadium, and mixtures of any of these. As these magnetic material usable in the 
present invention, those having an average particle diameter of from 2 \im or less, and preferably approximately from 
0.1 to 0.5 p.m, are preferred. As its quantity in which it is incorporated in the toner, It may preferably be used in an 
amount of from 20 to 200 parts by weight based on 100 parts by weight of the binder resin, and particularly in an 

^5 amount of from 40 to 1 60 parts by weight based on 1 00 parts by weight of the binder resin. 

[0132] In order to achieve much higher image quality, it must be made possible to develop finer latent Image dots 
faithfully. For that end, it is preferable that, e.g., the toner for developing electrostatic latent images according to the 
present invention has toner particles so regulated as to have a weight-average particle diameter of from 4 ^im to 9 p.m. 
Namely, toner particles having a weight-average particle diameter smaller than 4 ^m are not preferable because they 

50 may cause a lowering of transfer efficiency and hence transfer residual toner tends to remain on the photosensitive 
member in a large quantity, tending to cause non-uniform or uneven images due to fog and faulty transfer. Also, toner 
particles having a weight-average particle diameter larger than 9 |xm tend to cause spots around characters or line 
images. 

[01 33] In the present invention, the average particle diameter and particle size distribution of the toner are measured 
55 with a Coulter counter Model TA-II or Coulter Multisizer (manufactured by Coulter Electronics, Inc.). An interface (man- 
ufactured by Nikkaki k.k.) that outputs number distribution and volume distribution and a personal computer PC9801 
(manufactured by NEC.) are connected. As an electrolytic solution used in the measurement, an aqueous 1% NaCI 
solution is prepared using first-grade sodium chloride. For example, commercially available. iSOTON R-il (available 
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;Z 0°it%tT;;?f r " ' 'P""'"" method, measurement is m«de by adding as a dispersant 

from 0.1 to 5 mL of a surface active agent (preferably an alkyibenzene sulfonate) to from 100 to 150 ml of the abow. 
aqueous electrolytic solution, and further adding from 2 to 20 mg of a sample to be meLTred The ei^TroS 

nnmh«^?t T ""^ distribution and number distribution are calculated by measuring the volume and 

number of toner parities with particle diameters of not smaller than 2 ^m by means of the above CouSer counrWode^ 

whi^hr^h'^C'^T^HT"'''''^^ 

numL7b^«d numhl ■ *^'9^'-^y«'«9« P^^'^^'^ '^^'"eter (D4) detemiined from the volume distribution and the 
number^ased, number-average particle diameter (D1 ) determined from number distribution. 

- Charge Quantity - 

[01 34] The toner for developing electrostatic latent images according to the present invention mav oreferablv hav^ 
^r'"^ (two-component method) per unit weight, of from -1 0 to -80 'c/g. and mo e pSbf f^"^ ll to 
to'wSa^rg^TiC^^^^^^^^^^ 

SlthoH .t^Tr^ °' '"^^"""S '^^'^'Se quantity quantity (two-component triboelectricity) by the two-component 
method used .n the present invention is described below. In the measurement, a charge quantUy measuhnq devS 
Teck So">l^th " " " ' environment and using an iron powder El^aoJ/sSo (av^lZ f rorPowder 

Teck Co ) as the earner a mixture prepared by adding 0.5 g of the measuring-object toner to 9 5 q of the crier^nu 
lolfowrd bv"! V'T 1- ' °° "^'^ °' PO'yethyiene, and is set on aihaker halg aC shak g lm 
00 rf„H f f '"^ ^ '^^^ "'"'"^ ^ ^^^'^'"g Of 1 00 mm and a shaking speed oi 

1 00 to-and-fro ^mes per minute. Then. 1 .0 tol .2 g of the resulting mixture is put in a measuring container 42 r^ade o 
a metal at the bottom of which a screen 43 of 500 meshes is provided, and the container is ^.v"^ "th 1 plSoZ 
made of a me al. The total weight of the measuring container 42 at this time is weighed and is expressed as W W^ 
Next, in a suction device (not shown; made of an insulating material at least at the part comingTto comact ^th tSe 
rneasuring container 42). air is sucked from a suction opening 47 and an air-flow control valve 46 i TpeTatd to co^^^^^^^ 

mrnu^rrTr^ov'^'t t ' " 1""" '° ^^^^ """'^^^ is ca^SL out f or 1 

S HerSn num^Jrn ' '"''""'"'^ ''^ ' potentiometer 49 at this time is expressed as V 

^olt). Herein, numeral 48 denotes a capacitor, whose capacitance is expressed as C (nl^. The total weight of the 
measuring container after completion of the suction is also weighed and is expressed as W2farThriM;„l «^ 
trlboelectricfty (^C/g) of the toner is cateulated from these measuL values a.S:Sng to theJ^LLtg expS^! 

Calculational expression: 
[0136] 

Quantity of triboelectricity ((tC/g) = C x V/(W1 - W2) 

- Measurement of Molecular Weight of Binder Resin - 

[0137] In the present invention, the molecular weight of the binder resin is measured by GPC (gel permeation chro- 
matography). AS a specific method for measurement by GPC. a sample obtained by befLhand suSng he toner 
uremem A^.T ' ^f^-^V^^^^-^-'^) solvent for 20 hours by means of a Soxhiet extractor is use^'r'he me" 
urenient. As column constttution, A-801 . A-802. A-803. A-804. A-805, A-806 and A-807, available from Showa Denko 
ICK.areconr,ected.andthemolecularweigh.distributionismeasuredusingacalibrati^^^ 

[0138] m the present invention, it is also preferable to use as the binder resin a binder resin having a ratio of weiaht- 

trZnraTdes^bntr-^^^^^^^^ 

- Glass Transition Point of Toner - 

[0139] It is further preferable for the toner of the present invention to be so prepared as to have a glass transition 
point Tg Of from 30'C to 80<..C. and more preferably from 50=C to 70»C. in view of fixing rerfo^anc^ anrsto aqe 

SvtLl! ' 'T'°" " '''' "^"^"^^^ -9 • - differential'scannlng calor^eSa ■ • 

highly precise, inner-heat input compensation type, such as DSC.7. manufactured by Perkin-Elmer CorporaSn ^is 
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measured according to ASTM D341 8-82. In the present invention, a measuring sample is once heated to take a previous 
history and thereafter cooled rapidly. Then, the sample is again heated at a heating rate of 10°C/min. within the tem- 
perature range of 0 to 200**C, where the DSC curve thus measured may be used. 

- Image-forming Method and Apparatus - 

[0140] The toner for developing electrostatic latent images according to the present invention, constituted as de- 
scribed above, may particularly preferably be applied to; 

an image-forming method having at least a charging step of applying a voltage to a charging member from its 
outside to charge an electrostatic-latent-image-bearing member electrostatically; a latent-image-forming step of form- 
ing an electrostatic latent image on the electrostatic-latent-image-bearing member thus charged; a developing step of 
developing the electrostatic latent image by the use of a toner to form a toner image on the electrostatic-latent-image- 
bearing member; a transfer step of transferring to a recording medium the toner Image formed on the electrostatic- 
latent-image-bearing member; and a heat fixing step of fixing by heat the toner image held on the recording medium; or 

an image-fonning method in which the transfer step comphses a first transfer step of transferring to an interme- 
diate transfer member the toner image fonned on the electrostatic-latent-image-bearing member and a second transfer 
step of transferring to a recording medium the toner image held on the intermediate transfer member. 
[0141] The apparatus used in this method may preferably have means corresponding to the respective steps, I.e., 
a charging means, an electrostatic-lalent-image-fonming means, a developing means, a transfer means and a heat 
fixing means. 

EXAMPLES 

[0142] The present invention is described below in greater detail by giving Examples and Comparative Examples. 
Also, "part(s)" in the following is "part(s) by weight" in all occurrences. 



Example 1 



[0143] In 20 L of M9 medium containing 0.5% of D-glucose and 0.1% of 5-phenylvaleric acid (PVA), Pseudomonas 
cichorii strain YN2 (PERM BP-7375) was inoculated to effect spinner culture under aeration at 30°C, 80 revolutions/ 
minute and an aeration rate of 2.5 L/mlnute. After 48 hours, the bacterial body was collected by centrifugation, and 
then again suspended in 20 L of M9 medium containing 0.5% of D-glucose and 0.1% of PVA and not containing any 
nitrogen source {NH4CI), further followed by spinner culture under aeration at 30^0, 80 revolutions/minute and an 
aeration rate of 2.5 L/minute. After 48 hours, the bacterial body was collected by centrifugation. From the wet bacterial 
body thus collected, a 1 g portion was dispensed for its use in analysis and evaluation, and then washed once with 
cold methanol, followed by freeze-drying to obtain freeze-dried pellets. 

[0144] In regard to the remaining wet bacterial body, it was suspended in 500 mL of an aqueous solution of about 
1 .7% of sodium hypochlorite, which was then stin-ed at about 4'»C for 2 hours to extract a PHA. The PHA was collected 
by centrifugation, followed by drying, so that the PHA was obtained in an amount of 0.41 g per 1 L of the culture medium 
solution. This PHA was designated as PHA1 , and was used as a binder resin. 

[0145] Meanwhile, the freeze-dried pellets were suspended in 20 mL of chlorofomri, which were then stirred at 60*»C 
for 20 hours to extract a PHA, The liquid extract obtained was filtered wrth a membrane filter of 0.45 ^m in pore diameter, 
and thereafter concentrated by means of a rotary evaporator. The concentrated liquid was re-precipitated in cold meth- 
anol, and further only the precipitate tomied was collected, followed by vacuum drying to obtain a PHA. 
[0146] The PHA thus obtained was compositionally analyzed in the following way: About 1 0 mg of the PHA was put 
Into a 25 mL volume eggplant type flask, and dissolved in 2 mL of chloroform, followed by addition of 2 mL of a methanol 
solution containing 3% sulfuric acid to carry out reaction for 3.5 hours under reflux at 100''C. After the reaction was 
completed, 10 mL of deionized water was added to the reaction mixture, which was then vigorously shaked for 10 
minutes. Thereafter, of the two layers separated, the lower layer chlorofomn layer was taken out, and then dehydrated 
with magnesium sulfate. Thereafter, this chloroform layer was put to a gas chromatography mass spectrometer 
(GC-MS; apparatus: Shimadzu QP-5050; column: DB-WAX, J & W Co., 0.32 mm x 30 m; El method) to make identi- 
fication of the methyl-esterified products of PHA monomer units. As the result, it was found that, as the PHA monomer 
units. 98% was held by a 3-hydroxy-5-phenylvaleric acid (3HPV) unit, and 2% a 3-h yd roxy butyric acid unit. Thus, a 
PHA having in a high percentage the 3HPV monomer unit, the desired monomer unit derived from the PVA, was 
obtained in a high yield. 

[0147] The molecular weight of this PHA was also evaluated by gel penneation chromatography (GPC: Toso HLC- 
8220; column: Polymer Laboratory PLgel MIXED-C, 5 p.m; solvent: chlorofomn; in terms of polystyrene). As the result, 
its molecular weight was found to be Mn (number-average molecular weight) = 85,200 and Mw (weight-average mo- 
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lecular weight) = 213,000. 
Example 2 



10 



IS 



int.>!l th ^ 3-hydroxy-5-(4-fluorophenyl)valeric acid (3HFPV) monomer unit was synthesized under 

the PVA ThuH PHA " I'""''" ' "''"^P' 5.(4-fluorophenyl)valeric acid (FPVA) was used inVlace o 

r.innll . pmL T ""'^'"^ ^" °^ 9 ^ °^ ^''^ medium solution. This PHA was 

designated as PHA2, and was used as a binder resin. rn^ was 

[0149] The PHA obtained was analyzed and evaluated in the same manner as in Example 1 to find that as the PHA 

p^":-"-:L^t SHF^rm^'^ ' TirV'^'-r' ^ ^-hydroxybutync add un«. tSus J pl^'h'avinTirah^J 
percentage the 3HFPV monomer unit, the desired monomer unit derived from the PVA was obtained in a hiah vi,>iri 
Also, Its molecular weight was found to be Mn = 71 ,500 and Mw = 1 58,000. ^ ^ 

Examples 

fJI?,L/^1f. 3-hydroxy-4-phenoxybutyric acid (3HPxB) monomer unit was synthesized under entirely 

T^hTI k? h ^^"'^ ' ^""^^^ ^'^^ 4-phenoxybutyric acid (PxBA) was used in place of the PVA Thus 

a^w^^s^rani^ 

20 [0151] The PHA obtained was analyzed and evaluated in the same manner as in Example 1 to find that as the PHA 
monomer unrts. 95% was held by a 3HPxB unit, and 5% a 3-hydroxybutyric acid unit. tL. a PHA having in a hraC 
percentage the 3HPxB monomer unit, the desired monomer unft derived from the PxBA, was obtredtn 7high yi j?d 
Also, Its molecular weight was found to be Mn = 71 ,500 and Mw = 158,000. 

25 Example 4 

fJI?,m™wt''°"'^'"'"^.^ 3-hydroxy-5-phenoxyvaleric acid (3HPxV) monomer unit was synthesized under entirely 
the same conditions as ,n Example 1 except that 5-phenoxyvaleric acid (PxVA) was used in place of the PVaT,us 

a^Tw\ru~b;:dr^^^^^^^ 

[0153] The PHA obtained was analyzed and evaluated in the same manner as in Example 1 to find that as the PHA 
monomer unrts. 97% was held by a 3HPxV unit, and 3% a 3-hydroxybutyric acid unit. Thus a PHA havlna in a htaJ 
percentage the 3HPxV monomer unit, the desired monomer unit derivedTrom the PxVA, was' obiamedra h igh yiefd 
Also, Its molecular weight was found to be Mn = 69,500 and Mw = 1 60,000. 

Example 5 

^^H^} . ^ °' containing 0.5% of D-glucose, Pseudomonas cichorii strain YN2 was inoculated to 

effec^ Shaking culture at 30=0 and 125 strokes/minute for 72 hours. This cultured bacterial body was added to 20 J If 

at 3^0 80 rev'^Zn^ 'V' ""'^ ° °' '^^'^^^ '° subsequently effect spinner culture unde aeratio^ 

at 30 C , 80 revolutions/minute and an aeration rate of 2.5 L/minute. After 48 hours, the bacterial body was collected 
by centnfugation, and then again suspended in 20 L of M9 medium containing 0.5% of D-glu2^e and 0 r?of FPxiJ 

m.nurr« H '"^ T^^"" '"'''^'^ ^P*""^^ '^"'^^^^ ««^«t">n at 30»C, 80 revolutio^ 

rninute and an aeration rate of 2.5 L/minute. After 48 hours, the bacterial body was collected by cent ifuqatkm From 
the wet bacterial body thus collected, a 1 g portion was dispensed for its use in analysis and evaZZ ^d tZ 
washed once with cold methanol, followed by freeze-drying to obtain freeze-dried pellete • 

'° 'l^f remaining wet bacterial body, it was suspended in 500 mL of an aqueous solution of about 

by centnfugation^ followed by drymg, so that the PHA was obtained in an amount of 
solution. This PHA was designated as PHA5, and was used as a binder resin 

[0156] The PHA obtained was analyzed and evaluated in the same manner as in Example 1 to find that as the PHA 
ItT^'h T' H? " 3-hydroxy-4-(4-fluorophenoxy)butyric acid (3HFPxB) unit, ar^d SsS ani^t ont 

unit of 3-hydroxybu^ric acd, 3-hydroxyhexanoic acid, 3-hydroxyoctanoic acid, S-hydroxydeca^oic acid, S-hyd^xydo 
decanoic acd and S-hydroxydodecenoic acid units. Thus, a PHA having in a high percentage the 3HFPxB rnZr^er 

Sd t: tVr^TS'o^T.TTloo"' """^^ ^ weight wi 
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- Measuring Instrument - 
[0158] FT-NMR: Bruker DPX400. 
5 - Measurement Conditions - 
[0159] 

Resonance frequency: ^H: 400 MHz. 
'0 i^C.IOOMHz 

Measurement nuclide: ""H, ""^c 
Solvent used: CDCI3. 

Reference: Capillary-encapsulated TMS/CDCI3. 
Measurement temperature: room temperature. 

15 

[0160] A measured ^H-NMR spectrum chart is shown in Fig. 8. The results Qf analysis (identification) on main-peak 
signals of the NMR spectrum shown in Fig. 8 are shown in Table 1 . 



Table 1 



^H-NMR Spectrum Measurement Results (see Fig. 8) 


Chemical Shift (ppm) 


Identification results 


2.76 


2H. CH2 b1 


3.95-4.06 


2H, CHgdl 


6.46 


1H, CH c1 


6.71-6.90 


4H, -C6H4- f 1 , g1 , i1 , j1 



Example 6 

30 

[0161] A PHA containing a 3-hydroxy-4-cyclohexylbutyric acid (3HCHB) monomer unit was synthesized under en- 
tirely the same conditions as in Example 1 except that 4*cyclohexylbutyric acid (CHBA) was used in place of the PVA. 
Thus, a PHA was obtained in an amount of 0.79 g per 1 L of the culture medium solution. This PHA was designated 
as PHA6, and was used as a binder resin. 
35 [0162] The PHA obtained was analyzed and evaluated In the same manner as in Example 1 to find that, as the PHA 
monomer units. 98% was held by a 3HCHB unit, and 2% a 3-hydroxybutyric acid unit. Thus, a PHA having in a high 
percentage the 3HCHB monomer unit, the desired monomer unit derived from the CHBA, was obtained in a high yield. 
Also, its molecular weight was found to be Mn = 92,200 and Mw = 218,000. 

Example 7 

[0163] A PHA containing a 3-hydroxy-4-(4-fluorocyclohexyl)butyric acid (3HFCHB) monomer unit was synthesized 
under entirely the same conditions as in Example 1 except that 4-(4-fluorocyclohexyl)butyric acid (FCHBA) was used 
in place of the PVA. Thus, a PHA was obtained in an amount of 0.69 g per 1 L of the culture medium solution. This 
PHA was designated as PHA7, and was used as a binder resin. 

[0164] The PHA obtained was analyzed and evaluated in the same manner as in Example 1 to find that, as the PHA 
monomer units. 88% was held by a 3HFCHB unit, and 12% a 3-hydroxybutyric acid unit. Thus, a PHA having in a high 
percentage the 3HFCHB monomer unit, the desired monomer unit derived from the FCHBA, was obtained in a high 
yield. Also, its molecular weight was found to be Mn = 71 ,500 and Mw = 158,000. 

50 

Examples 

[0165] A PHA containing a 3-hydroxy-5-ben2oylvaleric acid (SHBzV) monomer unit was synthesized under entirely 
the same conditions as in Example 1 except that 5-ben2oylva!eric acid (BzVA) was used in place of the PVA. Thus, a 
55 PHA was obtained in an amount of 0.52 g per 1 L of the culture medium solution. This PHA was designated as PHA8, 
and was used as a binder resin. 

[0166] The PHA obtained was analyzed and evaluated in the same manner as in Example 1 to find that, as the PHA 
monomer units, 82% was held by a SHBzV unit, and 18% a 3-hydroxybutyric acid unit. Thus, a PHA having in a high 
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AlT,rr..'l^ r^""" r"°T'' ''"""^'^ '^^^ ^^^A, was obtained in « high yield ■ 

Also, Its molecular weight was found to be Mn = 305.000 and Mw=1 150 000 » v 

[0167] This PHA was also analyzed by NMR spectroscopy underthe same measurement conditions as in Example 
5 to ascertain that the PHA obtained was chiefly composed of the 3HBzV unit txampie 

fel^lte. inMbie r ^ ' ^"^ ' °' ^^^P^^^t'^ely, and its identification 



10 



15 



20 



25 



Table 2 



iH- and ^^c-NMR spectra Identification Results 



Position 



a 
b 
c 
d 
e 
f 

g 

h, 1 

i, k 

j 



Chemical shift (ppm) 



d: doublet; 



2.56 
5.26 
2.04 
3 



7.89 
7.36 
7.46 
t: triplet; 



Integral value 



2 
1 
2 
2 



2 
2 
1 



m: multiple! 



Type 



m 
m 
m 
m 



d 
m 
t 



Chemical shift (ppm) 



169.3 
39.2 
70.2 
28.0 
34.0 
198.6 
* 136.5 
127.9 
128.5 
133.0 



Example 9 



30 



35 



inti?!lvtheJ^m!rInHr^ 

of h! p /A %T «^ ^^^P^^ ' ««<^Pt 'hat 5-(4-fluorobenzoyl)valeric acid (FBzVA) was used In place 

designated as PHA9, and was used as a binder resin. 

[0170] The PHA obtained was analyzed and evaluated in the same manner as in Example 1 to find that as the PHA 
monomer unrts. 75% was held by a SHFBzV unit, and 25% a 3-hydroxybutyric acid unit. t?,us a PHA havinq n a htai 

yield. Also, Its molecular weight was found to be Mn = 275.000 and Mw = 792 000 
10171] This PHA was also analyzed by NMR spectroscopy under the same measurement conditions as In Example 
5 to ascertain that the PHA obtained was chiefly composed of the 3HFBzV unit. txampie 

40 Example 10 

^ containing a 3-hydroxy-5-(4-fluorophenyl)valeric acid (3HFPV) monomer unit and a 3-hydroxv- 
5-(4-fluorophenoxy)valenc acid (3HFPxV) monomer unrt was synthesized under entirely the same condittons^ fn 
Example1exceptthat0.1%eachof5-(4-fluorophenyl)valericacid{FPVA)and5-(4-fluo 

This PHA was designated as PHA1 0, and was used as a binder resin m soiuuon. 

£0173] The PHA obtained was analyzed and evaluated in the same manner as in Example 1 to find that as the PHA 
monomer units. 90% was held by a 3HFPV unit. 9% a 3HFPxV unit, and 1 % at least one untt of 3^ o^lSySc ^d 

d^r/Z T 3-'^Vd~'^'^--n-c acid.. 3-hydroxydodecanoicacid a^dsTydroJj: 

dodecenoic acid units Jhus. a PHA having in a high percentage the 3HFPV and 3HFPxV monomer units, the dS 
monomer units derived from the FPVA and FPxVA. respectively, was obtained in a high yield. Also, its molecular weight 
was found to be Mn = 52,500 and Mw= 127,000. "ici-uici weigni 

Example 11 

DDI 74] A PHA containing a 3-hydroxy-7-phenoxyheptanoic acid (3HPxHp) monomer unit and a 3-hydroxy-5-phenox- 
■ Val^l^l^T ""TT^' synthesized under entirely the same conditions as in Exam'ple 1 excepUhat 
7-phenoxyheptano.c acd (PxHpA) was used in place of the PVA. Thus, a PHA was obtained in an lount of 0 92 g 
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per 1 L of the culture medium solution. This PHA was designated as PHA11 , and was used as a binder resin. 
[0175] The PHA obtained was analyzed and evaluated in the same manner as in Example 1 to find that, as the PHA 
monomer units. 35% was held by a 3HPxHp unit. 60% a SHPxV unit, and 5% at least one unit of 3-hydroxybutyric acid. 
3-hydroxyhexanolc acid, 3-hydroxyoctanoic acid. 3-hydroxydecanoic acid, 3-hydroxydodecanoic acid and 3-hydroxy- 
5 dodoccnoic acid units. Thus, a PHA having in a high percentage the 3HPxHp and 3HPxV monomer units, the desired 
monomer units derived from the PxHpA, was obtained in a high yield. Also, its molecular weight was found to be Mn 
=- 65.300 and Mw = 132,000. 

Example 12 

10 

[0176] 150 g of polylactic acid (trade name: LACTY; available from Shimadzu Corporation; melt viscosity at 195°C: 
200.000 poises: weight-average molecular weight: 200,000) and 50 g of the PHA of Example 1 (PHA1) were mixed. 
The mixture fomried was put into an injection molding machine, and was melt-kneaded at temperature of 1 95 to 230**C 
and molded. The polymer blend thus obtained was designated as PHA12, and was used as a binder resin. 

15 

Example 1 3 

[0177] 150 g of polylactic acid (trade name: LACTY; available from Shimadzu Corporation; melt viscosity at 195*0: 
200,000 poises; weight-average molecular weight: 200,000) and 50 g of the PHA of Example 4 (PHA4) were mixed. 
20 The mixture formed was put into an injection molding machine, and was meit-kneaded at temperature of 1 95 to 230**C 
and molded. The polymer blend thus obtained was designated as PHA13. and was used as a binder resin. 

Example 14 

25 [0178] 150 g of polylactic acid (trade name: LACTY; available from Shimadzu Corporation; melt viscosity at 195°C: 
200,000 poises; weight-average molecular weight: 200,000) and 50 g of the PHA of Example 6 (PHA6) were mixed. 
The mixture fomried was put into an injection molding machine, and was melt-kneaded at temperature of 1 95 to 230**C 
and molded. The polymer blend thus obtained was designated as PHA14, and was used as a binder resin. 

30 Example 15 

[0179] ' 





(by weight) 


PHA1 (Example 1) 

Magenta pigment (C.I. Pigment Red 114) 

Charge control agent (NXVP434, available from Hoechst Japan Ltd.) 


100 parts 
5 parts 
2 parts 



40 [0180] Materials fomiulated as shown above were melt-kneaded by means of a twin-screw extruder (L/D: 30). The 
kneaded product thus obtained was cooled, and thereafter, the cooled product was crushed using a hammer mill, and 
then the crushed product was finely pulverized by means of a jet mill, followed by classification to obtain magenta 
colored particles (1 ) by pulverization. Particle size of the magenta colored particles (1) thus obtained was measured 
by the method described previously in the present specifcation. to find that it had a weight-average particle diameter 

45 of 15,3 nm and a fine-powder content of 1 .2% by number. 

[0181] In 100 parts by weight of the magenta colored particles (1), 1 .5 parts by weight of hydrophobic fine silica 
powder having been treated with hexamethyldisilazane (BET specific surface area: 250 m2/g) was dry-mixed as a 
fluidity improver by means of a Henschel mixer to obtain a magenta toner 1 of this Example. Further, 7 parts by weight 
of the magenta toner 1 thus obtained and 93 parts by weight of a resin-coated magnetic ferrite carrier (average particle 

so diameter: 45 ^m) were blended to prepare a two-component magenta developer 1 for magnetic-brush development. 

Examples 1 6 to 28 

[0182] Magenta toners 2 to 14 were obtained in the same manner as in Example 15 except that 100 parts by weight 
55 of PHA2 to PHA14, respectively, were used in place of PHA1 . Characteristics of these toners were measured in the 
same manner as in Exannple 15 to obtain the results shown in Table 3. Also, using these toners, two-component 
magenta developers 2 to 14, respectively, were prepared in the same manner as in Example 15. 
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Comparative Example 1 

fhlf ?L ^ TT"*^ ^T' 1^ °' Comparative Example 1 was obtained In the same manner as in Example 15 except 
lip n^p'^M^^ ^^-V'^te copolymer resin (glass transition temperature: 70»C) was use?in 

IZn , V M "l^Zf °' "'^^^ "^^^^"^^'^ ^"^^ '"^""^^ «^ Example 15 to obtain S^e result 

Shown m Table 3. Also, using this toner, a two-component magenta developer 15 of Comparative ExampJ^ 
prepared in the same manner as in Example 15. "P«»rauve txampie i was 

- Evaluation - , 

[0184] On the two-component magenta developers 1 to 14 obtained in Examples 15 to 28 and the two-component 

secrds^nTar^elonTw^^^ """""r"' "''^"^'^ '''''' °' after 7gLtrfo To 

600/ h ^ f measured m each environment of nomial temperature and nomial humidity (25»C 

60/oRH) and h.gh temperature and high humidity (30°C. 80%RH) by the method described previously for meJsurina 
Tr^rnt,'" " hT '"'""^ °' tworcomponent blow-off charge quantityT^fSo^^ tTt^ dec' 
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Examples-29 to 42 



Comparative Example 2 
- Evaluation - 

[01 87] On the Iwo-componenl black developers 1to 1 4 obtained in Examoles tn 45> anH th^ t 

developer 1 5 obtained in Comparative Example 2 the ch^r^nn^n^^^^^^ ^ two-component black 
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Example 43 

- Dein king Test - ■ * 

(The removal of toner from paper is herein compared to "deinking" ) 

[0188] Using each of the black toners 1 to 1 5 obtained in Examples 29 to 42 and Comparative Example 2 a testinq 
image of 6% rn black-and-white ratio (image area percentage) was formed on the surface of paper of 75 g/m^ in basis 
weight to make testing paper. Using this testing paper, hand-made sheets for evaluation were prepared under the 
following conditions. ^ k 

[0189] Defiberization: An aqueous dispersion composed of the following Is stirred in a beaker at 50«C for 20 minutes 
to defiberize the testing paper. 
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Testing paper 


5.0% 


NaOH 


0.7% 


Sodium silicate 


3.0% 


H2O2 


1.0% 



20 Deinking agent (LIPTOL S 2800, trade name; available from Lion Corporation 0.2% 



[01901 Dilution, dehydration and l<neader treatment: The above aqueous dispersion is diluted with water to a 5% 
dispersion, which is then subjected to centrifugal dehydration. Pulp, sodium silicate and so forth are further so added 
that the pulp is in a content of 20%, the sodium silicate 3.0% and NaOH 0.5%, to carry out defiberization by means of 
a Kneaoer. 

[0191] Aging: The kneader-defiberized product is aged at 50"'C for 2 hours. 

[0192] Flotation: Water is added to the aged product to prepare a dispersion wrlh a pulp concentration of 1% Into 
he dispersion . minute air bubbles are released for 7 minutes to make the air bubbles adsorb the toner in the dispersion 
to allow the latter to come up to the surface, where the toner and the water are separated. 
[0193] Washing: 2.4 g of the deinked pulp is washed twice with 1 liter of water for each. 

Preparation of testing hand-made sheets: Handmade sheets (basis weight: 1 00 g/m2) are prepared by means of a 
TAPPI standard sheet machine, 

[0194] Evaluation of deinkability: The number of toner particles present in 9 cm2 of each hand-made sheet is both 
visually and microscopically observed to make evaluation individually for two groups of size, 1 00 ^tm or more (the size 
m which the particles are visible to the naked eye) and 60 ^m to less than 1 00 ^m. 

[0195] The results of the above test are shown in Table 5. In Table 6. numerical values indicate the number of re- 
maining toner particles. 

Tables 



Deinkability Test Results 


Number of particles 


,60to< 


1 00 p.m . 


1 00 Ltm or more 


Total 


Example: 


'29 


10 


12 


22 


30 


13 . 


14 


27 


31 


9 


14 


23 


32 


13 


11 


24 


33 


17 


18 


35 


34 


8 


13 


21 


35 


18 


17 


35 


36 


15 


12 


27 


. 37 


17 


IS . 


.32 


38 


16 


.15 


31 
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Table 5 (continued) 
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Deinkabitity Test Results 


Number of particles 


60 to < 


100 


1 00 um or more 


Total 


Example: 


39 


11 


13 


24 


40 


17 


19 


36 


41 


19 


20 


39 


42 


15 


15 


30 


Comparative Example; 


2 


43 


38 


81 
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Example 44 

- Biodegradability Test - 

[0196] The red (magenta) toners 1 to 14, the black toners 1 to 1 4. the comparative red toner 1 5 and the comparative 
black toner 15 were melt-shaped into films of about 50 jxm in thickness, which were then left in soil for 6 months. As 
the result, the films of the red toners 1 to 11 and black toners 1 to 11 had completely disappeared in shape, and the 
films of the red toners 12 to 14 and black toners 12 to 14 had disappeared in its greater part. On the other hand, the 
comparative red toner 15 and the comparative black toner 15 stood remained in shape as they were. 

Examples 45 to 72 & 

Comparative Examples 3 and 4 v. 

[0197] An image-forming apparatus used in image-fomriing processes in Examples 45 to 72 and Comparative Ex- 
amples 3 and 4 is described first. Fig. 1 is a schematic sectional illustration of an image-forming apparatus for carrying 
out image-forming processes in Exanhples 45 to 72 and Comparative Examples 3 and 4. 

[0198] As shown In Fig. 1 , a photosensitive drum 1 comprises a substrate 1 b and provided thereon a photosensitive 
layer la having an organic photo-semiconductor, and is so constructed as to be rotated In the direction of an arrow. 
By means of a charging roller 2 which is a charging member facing the photosensitive drum 1 and rotated in contact 
with the drum, the surface of the photosensitive drum is electrostatically charged to have a surface potential of about 
-600 V. As shown in Fig. 1 , the charging roller 2 is constituted of a mandrel 2b and a conductive elastic layer 2a covered 
thereon. 

[0199] Next, the photosensitive daim 1 whose surface is kept charged is exposed to light 3, where an electrostatic 
latent image having an exposed-area potential of -100 V and a dark-area potential of -600 V is formed on the photo- 
sensitive drum by on-off control in accordance with digital image infomnation through a polygon mirror. Subsequently, 
the electrostatic latent image formed on this photosensitive drum 1 is rendered visible by reversal development by 
means of a plurality of developing assemblies for four colors, 4-1 , 4-2, 4-3 and 4-4, so that four-color toner images are 
fomried on the photosensitive drum 1 . Here, as a magenta or black developer, the two-component developers obtained 
in Examples 15 to 42 and Comparative Examples 1 and 2 are each used, and toner images are formed using each of 
the magenta toners or black toners. Fig. 2 is an enlarged sectional view of the main part of each developing assembly 
4 for two-component developer, used here. Next, the toner images formed on the photosensitive drum 1 are transferred 
to an intermediate transfer member 5 rotated in contact with the photosensitive drum 1 . As the result, four color, color- 
superimposed visible images are formed on the intemriediate transfer member 5. Transfer residual toner having re- 
mained on the photosensitive drum 1 without being transfered is collected in a residual toner container 9 by means 
of a Gleaning member 8. 

[0200] The intermediate transfer member 5 is, as shown in Fig. 1 , constituted of a mandrel 5b as a support and an 
elastb layer 5a layered thereon. In the present Examples, an intennediate transfer member 5 was used which had a 
pipe-like mandrel 5b and an elastic layer 5a provided thereon by coating, fomied of nitrile-butadiene rubber (NBR) in 
which carbon black as a conductivity-providing agent had been well dispersed. The elastic layer 5a thus fonned had 
a hardness measured according to JIS K-6301 , of 30 degrees and a volume resistivity of 10® Q-cm. Transfer electric 
current necessary for the transfer from the photosensitive drum 1 to the intermediate transfer member 5 was about 5 
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mA, which was obtained by applying a voltage of +500 V to the mandrel 5b from a power source 
[0201] The four color, color-superimposed visible images formed on the Intermediate transfer member 5 are trans- 
ferred to a transfer medium such as paper by means of a transfer roller 7, and thereafter fixed by means of a heat- 
fixing assembly H to come into pemianent form. The transfer roller 7 has an elastic layer 7a formed by coating on a 
mandrel 7b of 10 mm in diameter a foamable material of an ethylene-propylene-diene terpoVmer (EPDM) in which 
carbon black as a conductivity-providing agent has been well dispersed. Here, as the elastic layer 7a, one showing a 
volume resistivity of 1 06 Qcm and a hardness measured according to JIS K-6301 . of 35 degrees was used A voltaae 
was applied to the transfer roller 7 to flow a transfer current of 1 5 fiA. 

[0202] In the apparatus shown in Fig. 1 , as the heat fixing assembly H, a fixing assembly of a hot-roll type having 
no function of oil application asshown in Figs. 5 and 6 is used. Here, as both the upper roller and the lower roller those 
having surface layers fomried of a fluorine resin were used.The roller was in a diameter of 60 mm. The fixing temperature 
was set at 160°C. and the nip width at 7 mm. Also, the transfer residual toner on the photosensitive drum 1 having 
been collected by cleaning, was transported to the developing assemblies by means of a reuse mechanism and was 
again used. 



- Evaluation 
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[0203] Under the above conditions, a printing test was made In environments of normal temperature and normal 
humidity (25°C, 60%RH) and high temperature and high humidity (30-C, 80%RH) at a printing speed of 8 sheets 
(A4-si2e)/mmute in a monochromatic intermittent mode (i,e., a mode in which the developing assembly was made to 
pause for 10 seconds every time the images were printed on one sheet so that the deterioration of the toner was 
accelerated by preliminary operation of the developing assembly when again driven) while successively supplying 
each of the two-component developers prepared using the toners of Examples 15 to 42 and the two-component de- 
velopers prepared using the toners of Comparative Examples 1 and 2. Then . evaluation on printe^d images thus obtained 
was made in respect of the items shown below. The results obtained are shown in Table 6. 

- Printed- Image Evaluation - 
1 . Image density: 

[0204] Evaluated on how image density was maintained on images at the time of finish of printing with respect to 
images at the initial stage when images were printed on a prescribed number of sheets of usual plain paper (75 g/m^) 
for copying machines. Here, the image density was measured with Macbeth Reflection Densitometer (manufactured 
by Macbeth Co.), as relative density with respect to an image printed on a white ground area with a density of 0 00 of 
an original. The measurements were used in evaluation. 

AA: Excellent (the image density at the time of finish is 1 .40 or more). 

A: Good (the image density at the time of finish is from 1 .35 to less than 1 .40). 

C: Passable (the image density at the time of finish is from 1 .00 to less than 1 .35). ' 

D: Failure (the image density at the time of finish' is less than 1 .00). 

2. Image fog: 

[0205] Evaluated on how solid white images stood at the time of finish of printing when images were printed on a 
prescribed number of sheets of usual plain paper (75 g/m^) for copying machines. Stated specifically it was evaluated 
in the following way: The worst value of white-background reflection density after printing, measured with a reflection 
densitometer (REFLECTOMETER MODEL TC-6DS, manufactured by Tokyo Denshoku Co.. Ltd.), was regarded as - 
Ds, and an average value of reflection densities of paper before printing, as Dr. From these values, the value of Ds - 
Dr was found and this was regarded as the amount of fog to make evaluation according to the following criteria. 

AA: Very good (the amount of fog is from 0% to less than 1 .5%). 

A: Good (the amount of fog is from 1 .5% to less than 3.0%). ... 
B: Permissible for practical use (the amount of fog is from 3.0% to less than 5.0%). 
C: Impemiissible for practical use (the amount of fog is 5.0% or more). 

3. Transfer performance: 

[0206] Solid black images were printed on a prescribed number of sheets of usual plain paper (75 g/m^) for copying 
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machines, and the level of image blank areas In Images at the time of finish of printing was observed visually to make 
evaluation according to the following criteria. 

AA: Very good (the image blank areas little occur). 
A: Good (occur only slightly). 
B: Permissible for practical use. 
C: Impermissible for practical use. 

[0207] Evaluation was also visually made on whether or not, when images were reproduced on 5,000 sheets in 
Examples 45 to 72 and Comparative Examples 3 and 4, any scratches of the surfaces of the photosensitive drum and 
intermediate transfer member or any sticking of remaining toner occurred and how these affected the printed images 
(i.e., matching with image-forming apparatus). As the result, the toner was seen to have slightly stuck to the photo- 
sensitlve-dmm surface in all systems In which the two-component developers of Examples 45 and 59 were used. 
[0208] In the systems in which two-component developers other than the foregoing were used, any scratches of the 
^5 surfaces of the photosensitive drum and intemnediate transfer member or any sticking of remaining toner were not 
seen to have occurred at all, showing very good matching with the image-forming apparatus. 
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Table 6 



20 


Printed-lmage Evaluation Results 


Example 


Two- 
component 
Develooer 


Nomrial Temperature and Humidity . 


High Temperature and Humidity 


25 






Image 
Density 


Image 
Fog 


Transfer 
Performance 


Image 
Density 


Image Fog 


Transfer * 
Performance 




45 


Red 1 


A 


D 


8 


A 


B 


6 




46 


Red 2 


A 


A 
M 


A 


A 


B 


B 


30 


47 


Red 3 


AA 


AA 


AA 


AA 


AA 


AA 




48 


Red 4 


AA 


AA 


AA 


AA 


AA 


AA 




49 


Red 5 


AA 


AA 


AA 


AA 


AA 


AA 




50 


Red 6 


AA 


AA 


A 


A 


A 


B 


35 


51 


Red 7 


AA 


AA 


AA 


AA 


AA 


AA 




52 


Red 8 


AA 


AA 


AA 


AA 


AA 


AA 




53 


Red 9 


AA 


. AA 


AA 


AA 


AA 


AA 


40 


54 


Red 10 


AA 


AA 


AA 


AA 


AA 


AA 




55 


Red 11 


AA 


AA 


AA 


AA 


AA 


AA 




56 


Red 12 


A 


A 


A 


A 


B 


B 


45 


57 


Red 13 


AA 


AA 


AA 


AA 


AA 


AA 


58 


Red 14 


A 


A 


A 


A 


B 


B 




59 


Black 1 


A 


B 


B 


A 


B 


B 




60 


Black 2 


A 


A 


A 


A 


B 


B 


50 


61 


Black 3 


AA 


AA 


AA 


AA 


AA 


AA 




62 


Black 4 


AA 


AA 


AA 


AA 


AA 


AA 




63 


Black 5 


AA 


AA 


AA 


AA 


AA 


AA 




64 


Black 6 


AA 


AA 


A 


A 


B 


B 


55 


65 


Black 7 


AA 


AA 


AA 


AA 


AA 


AA 




66 


Black 8 


AA 


AA 


AA 


AA 


AA 


AA 
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Table 6 (continued) ' 








Printed-lmage Evaluation Results 


5 




Two- 
component 
Developer 


Nonnal ' 


remperature and Humidity 


High Temperature and Humidity 








Image 
Density 


Image 
Fog 


Transfer 
Perfonnance 


Image 
Density 


Image Fog 


Transfer 

reriorrnance 


10 


67 


Black 9 


AA 


AA 


AA 


AA 


AA 


AA 




68 


Black 10 


AA 


AA 


AA 


AA 


AA 


AA 




69 


Black 11 


AA 


AA 


AA 


AA 


AA 


AA 


15 


70 


Black 12 


A 


A 


A 


A 


B 


B 




71 


Black 13 


AA 


AA 


AA 


AA 


AA 


AA 




72 


Black 14 


A 


A 


A 


A 


B 


B 
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Comparative 
Example 3 


Red 15 


AA 


AA 


AA 


AA 


AA 


AA 




4 


Black 15 


AA 


AA 


AA 


AA 


AA 


AA 



25 



30 
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Examples 73 to 84 & 
Comparative Examples 5 and 6. 

[0209] In carrying out Image-fomiing processes In Examples 73 to 84 and Comparative Examples 5 and 6. the toners 
Obtained ,n Examples 31 to 42 and Comparative Examples 1 and 2 were used as developers, respectively. means 
for forming images, an image-fomiing apparatus was used in which a reuse mechanism was attached to a commercially 
and u\?d m1 r'r.t^''"^'' (manufactured by CANON INC.) to remodel the printer, which was again se tj 
ferld ton JTh '"l^Se forming apparatus shown in Fig. 3 is fitted with a system in which the untrans 

ferred toner having remained on the surface of a photosensitive drum 20 after transfer is scraped off with an elastic 
thS!n7rth ^ '.'""""^ Pt^otP^ensitive drum 20, and is sent Into the cleaner 21 , where 

the toner thus collected is transported through a cleaner screw 23 by means of a feed pipe 24 provided with a transoort 
3opi^lt ' ^ developing assembly 26, and the tone^thus coHectedltga^ 3^^^ 

^V^^ ^ k" image-fomning apparatus shown in Fig. 3, the surface of the photosensitive drum 20 is electrostaticallv 
S int«^f nf ^ P"^«^/»^«^9'"9 ™"er 27. In the primanr charging roller 27, used is a rubber roller (diameter: 
12 mm, contact pressure: 50 g/cm) ,n whch conductive carbon has been dispersed, and covered with a nylon resin 
Here, on the electrostatic latent image bearing member (photosensitive drum 20), an electrostatic latent image with a 

t:L7T T"' ""^ °' ^ " "^'^"•■"^ °' -2°° V by laser exposure (BoTdpTno' 

Shown). As a toner car^^ing member, a developing sleeve 28 whose surface was coated with a resin having cartTn 
blacit dispersed therein and had a surface roughness Ra of 1 .1 was used 

£?JLJr" ""'^h"^' an enlarged sectional view of the main part of a developing assembly for one-component 

deve oper, used in Examples 73 to 84 and Comparative Examples 5 and 6. As conditions for developing electrostette 
In^rl'Ttf ^' i f ^"""^f •^o^e'^ent speed of the developing sleeve 28 was so set as to be 1 . 1 times the movement 
Se dlvir^^^^^ ^"^ 9^ « photosensitive drum 20 

Of url^h«n.lhH? ^'^^^^28.*«« «° 270 jtm. As a toner layer thickness regulation member, a blade 29 made 
Of urethane rubber was used in contact with the developing sleeve. Also, the temperature of the heat-fixing assembly 

5 aire was usLT''' ' """^ "^^'"'"^ <^ '"^'"9 ""^ "^^^ ^^S^! 

[0212] Under the above conditions, a 30.000-sheet printing test was made in an environment of nomial temperature 

lde?nTlh"[I! J" ^T""' '^''""^ ' P'"''"^ 'P'^' °' ' ^'^^^ (A4-size)/minute in a continuous mode (l e a 
mode in which the developing assembly was not made to pause so that the consumption of the toner was accelerated) 
wNe successively supplying the toner. On the printed images thus fomied. their image density was measured and . 
tZl ir-^ density Changed during running was examined to make evaluation according io the criteria shown 
below. Also, .mages on the 1 0.000th sheet were observed and evaluation on image fog was made according to the 



BNSDOCID: <EP 1255166A2J_> 



40 - 



EP1 255 166 A2 



criteria shown below At the same time, how the units constituting the image-forming apparatus stood after the mnning 
test was also observed to make evaluation also on the matching of the respective toners with the units. 
[0213] The results of the foregoing are shown together in Table 7. 

5 Change in image density during running: 

[0214] Evaluated on how Image density was maintained on images at the time of finish of printing with respect to 
images at the initial stage when images were printed on a prescribed number of sheets of usual plain paper (75 g/m^) 
for copying machines. Here, the image density was measured with Macbeth Reflection Densitometer (manufactured 
10 by Macbeth Co.). as relative density with respect to an image printed on a white ground area with a density of 0.00 of 
an original The measurements were used in evaluation. AA: Excellent (the image density at the time of finish is 1 .40 
or more). . , 
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A: Good (the image density at the time of finish Is from 1 .35 to less than 1 .40). 
C: Passable (the image density at the time of finish is from 1 .00 to less than 1 .35). 
D: Failure (the image density at the time of finish is less than 1 .00). 

Image fog: 

[0215] Evaluated on how solid white images stood at the time of finish of printing when images were printed on a 
prescribed number of sheets of usual plain paper (75 g/m^) for copying machines. Stated specifically, it was evaluated 
in the following way: The worst value of white-background reflection density after printing, measured with a reflection 
densitometer (REFLECTOMETER MODEL TC-6DS, manufactured by Tokyo Denshoku Co., Ltd.), was regarded as 
Ds, and an average value of reflection densities of paper before printing, as Dr. From these values, the value of Ds - 
Dr was found and this was regarded as the amount of fog to make evaluation according to the following criteria. 



AA: Very good (the amount of fog is from 0% to less than 1 .5%). 

A: Good (the amount of fog is from 1 .5% to less than 3.0%). : 
B: Permissible for practical use (the amount of fog is from 3.0% to less than 5.0%). 
50 C: Impermissible for practical use (the amount of fog is 5.0% or more). 

Evaluation on Matching with Image Forniing Apparatus: 

1 . Matching with developing sleeve: 

35 

[0216] After the printing test was finished, evaluation was visually made by examining any sticking of the toner re- 
maining on the developing-sleeve surface and how it affected the printed images. 

AA: Very good (no sticking occurs). 
^0 A: Good (sticking little occurs). 

B: Permissible for practical use (sticking is a little seen, but less affects images). 

C: Impermissible for practical use (sticking is greatly seen, and uneven images occur). 



2. Matching with photosensitive drum: 

[021 7] Evaluation was visually made by examining any scratches of the photosensitive-drum surface and any sticking 
of the toner remaining thereon, and how they affected the printed images 

AA: Very good (none of them occurs). 

A: Good (scratches are seen to slightly occur, but do not affect images). 

B: Permissible for practical use (sticking and scratches are seen, but less affect images). 

C: Impermissible for practical use (sticking is greatly seen, and faulty images occur as vertical lines). 



3. Matching with fixing assembly: 

[0218] How the fixing-film surface stood was observed, and the results on its surface properties and any sticking of 
the toner remaining on its surface were overall averaged to evaluate its durability. 
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(1) Surface properties 



Sna^Jm i!;^ T ""^^ ?f "^^^ visually observing any scratches or abrasion of 

^ "Xing-film surface. AA: Very good (none of them occurs). •^•aoiunor 

A: Good (they little occur). 

B: Permissible for practical use. 

C: Impemiissible for practical use. 

^0 (2) Sticking of remaining toner: 



75 



20 



AA: Very good (no sticking occurs). 
A: Good (sticking little occurs). 
B: Permissible for practical use. 
C; Impermissible for practical use. 
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Examples 85 to 87 



[0221] Successively supplying the black toners 4. 8 and 9 of Examples 32. 36 and 37 respectively pnntina tests 
were made m a contmuous mode (i.e.. a mode in which the developing assembly was no maSeTpause so!haUh^ 
consumpnon of the toner was accelerated), in the same manner as in Example 84 except trt thftoneTrVuL r^ech 

ZZTZ n^f '^'^''^^ ^"'^ ^--^ change to 16 sh Js L S^^ 

/m.nute. The pnnted .mages obtained and the matching with the image-fomiing apparatus used were evaluated on the 

Ta-r: Z::^^' " ^ ™ ^ AS the resulted ^u^^r: 



Claims 



A binder resin which fomns a resin powdery product, wherein the binder resin comprises a polyhydroxyalkanoate 
having monomer unit composition represented by the following Formula (1 ): poiynyaroxyaiKanoate 



AmB(1-m) 



wherein A is at least one selected from monomer units represented by the following Fomiula (2) B is at least one 
selectedfrommonomerunlts represented by ,hefollowingFom,u.as(3)and(4),andmis0.01orrnoT^^^^^^ 



R 0 




(2) 



CH3 

(CHj)k 



CH 

9"3 CH 



CH, 0 




(3) 



(4) 



tot)" ° '° ' ^ °^ ^' " 9™"P from groups represented by the following Fomiulas 
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10 




/ 



(5) 




(6) 




(7) 




^(CH2)s ^(CH^t 



(8) 



15 



20 



25 



30 



Wherein: 

in Formula (5), R1 is selected from a hydrogen atom (H) and a fluorine atom (F), and q is selected from 
integers of 1 to 8; 

in Formula (6). R2 is selected from a hydrogen atom (H) and a fluorine atom (F), and r is selected from 
integers of 1 to 8; 

in Formula (7), R3 is selected from a hydrogen atom (H) and a fluorine atom (F), and s is selected from 
integers of 1 to 8; and 

in Formula (8), R4 is selected from a hydrogen atom (H) and a fluorine atom (F), and t is selected from 
integers of 1 to 8. 

2. The binder resin according to claim 1 , which further comprises at least one of polycaprolactone and polylactic acid. 

3. The binder resin according to claim 1 . which has a number-average molecular weight of from 2,000 to 300,000. 

4. The binder resin according to claim 1 , which has a glass transition point of from SO'C to 8Q*'C. and a softening 
point of from 60°C to 170**C. 



5. The binder resin according to claim 1, wherein the resin powdery product is a toner for developing electrostatic 
latent images. 

35 6. A toner for developing electrostatic latent images, comprising a pigment and a binder resin which fonns a resin 
powdery product, wherein the binder resin comprises a polyhydroxyalkanoate having monomer unit composition 
represented by the following Fomnula (1): 



40 



AmB(1-m) 



0) 



45 



50 



wherein A is at least one selected from monomer units represented by the following Formula (2): B is at least one 
selected from monomer units represented by the following Formulas (3) and (4), and m is 0.01 or more and 1 or less: 



(2) 
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CH3 

(CH^k 
CH 

CH3 CH 
<9"2>''0 CH, 0 



15 



20 



25 



30 



35 





(3) 



45 



50 



0' 

(4) 

TsMols)" " ° '° ' ^ °' ^' ^"^ g^'^P f^on^ groups represented by the following Formulas 







(6) (7) (8) 



wherein; 

Meters oTto 8; " ^ ^""^ ^"'^ ^ ^"'^ " ^^'^^'^^ f™'" 

integeli oTto s/"^' ' ^"'^ ^ ^'^"^ ^ from 

integet oTto 8;Tnd"^ " """^ ^^^''^^S^" (^^) ^""^ « f'^^rine atom (F). and s is selected from 

IntegJIs oTto 8.'"^' ^ ^'""^ ^""^ ^ ^'""^ » f^*"" 

7. An image-forming method comprising: 

a charging step of applying a voltage to a charging member from its outside to charge an electrostaMc-iatent- 
image-beanng member electrostaticalty; 

mLm1)Tr mS chLS ^^^'^ ^^'^'"^ electrostatic latent image on the electrostatic-latent-image-bearing 

rate^nHmlT'r,°' developing the electrostatic latent image by the use of a toner for developing electrostatic 
latent images, to form a toner image on the electrostatic-latent-image-bearing member 

b^rrnf memLTlnr^'''''"^ ^ '^'"'''"^ '""^^^ electrostatic-latent-image- 

a fixing step of fixing by heat the toner image held on the recording medium; 

wherein as the toner the toner for developing electrostatic latent images according to claim 6 Is used. 
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8. An image-forming method according to claim 7 further comprising: 

a charging step of applying a voltage to a charging member from its outside to charge an electrostatic-latent- 
image-bearing member electrostatically; 
5 a latent-image-forming step of fomiing an electrostatic latent image on the electrostatic-latent-image-bearing 

member thus charged; 

a developing step of developing the electrostatic latent image by the use of a toner for developing electrostatic 
latent images, to form a toner image on the electrostatic-latent-image-bearing member; 
a first transfer step of transferring to an intermediate transfer member the toner image fonmed on the electro- 
^0 static-latent-image-bearing member; 

a second transfer step of transferring to a recording medium the toner image held on the intermediate transfer 
member; and 

a fixing step of fixing by heat the toner image held on the recording medium. 
*5 9. An image-forming apparatus comprising: 

a charging means for applying a voltage to a charging member from Its outside to charge an electrostatic- 
latent-image-bearing member electrostatically; 

a latent-image-fonning means for forming an electrostatic latent image on the eleclroslalic-latenl-image-bear- 

^0 ing member thus charged; 

a developing means for developing the electrostatic latent image by the use of a toner for developing electro- 
static latent images, to form a toner Image on the electrostatic-latent-lmage-bearing member; 
a transfer means for transferring to a recording medium the toner Image fomied on the electrostatic-latent- 
image-bearing member; and 

^5 a fixing means for fixing by heat the toner image held on the recording medium; 

wherein as the toner the toner for developing electrostatic latent images according to claim 6 is used. 
10. An image-fomilng apparatus according to claim 9 comprising: 

30 

a charging means for applying a voltage to a charging member from its outside to charge an electrostatic- 
latent-image-bearing member electrostatically; 

a latent-image-fonning means for forming an electrostatic latent Image on the electrostatic- latent- image-bear- 
ing member thus charged; 

^5 a developing means for developing the electrostatic latent image by the use of a toner for developing electro- 

static latent images, to form a toner Image on the electrostatic-latent-image-bearing member; 
a first transfer means for transferring to an intermediate transfer member the toner image formed on the elec- 
trostatic-latent-image-bearing member; 

a second transfer means for transferring to a recording medium the toner image held on the intennediate 
^0 transfer member; and 

a fixing means for fixing by heat the toner image held on the recording medium; 

wherein as the toner the toner for developing electrostatic latent images according to claim 6 is used. 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 6 
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FIG. 7 
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